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SOME PACTOES WHICII TNPLTJENCE THE INCIDENCE OP 

LEPEOSY 


BY 

E MUIR, 

Rcscanh JForkrr vi Lrpiosv undo ihc Indian Research Rimd Association 
[Received for publication, Januaty 27 , 1927 ] 
iNTRODUCTOfty 

In an article entitled 'The World Incidence of Leprosy in p^elation to 
Meteorological Conditions ’ published in 1923 Sir Leonard Rogers shows the 
importance of a high rainfall and humidity in increasing the incidence of 
leprosy, and this point is well brought out in the map of the world and^ 
special maps of India which he appends He also says ' Elevation aljove sea 
level and geological formation appear to be subsidiary factors influencing 
leprosy incidence ' 

In the present paper I have tried to survey m more detail the various 
factors which play a part, and have found that, Avhile the stud)’’ of large areas 
such as countries and provinces, between which there are ver)'- great varia- 
tions in humidity, seems to emphasise the importance of humidity, other 
factors, such as diet, race, caste and soil, appear to influence the incidence 
more markedly when smallei areas, such as districts and thanas, are con- 
sidered The mode of infectjpn has not been discussed but only conditions 
which lead to the lowering i^f ,tTifc^ resistance of those who arc exposed to 
infection The greater the lowering "of resistance the greater is the prob- 
ability of the disease being of ah acute type, and such cases are the more 
likely to become highly infectious and spread the disease .to those who come 
into contact with them especially if that contact be close and prolonged 

'' Mrthod or Investigation 

The 1921 census gives the number of lepers in India as 102,513 It is 
not stated that this is the total number of those suffering from this disease, 
' ll and, indeed, the way in which these census figures are collected makes it clear 
that this is not so The enumerators who collected the returns are not 
niedical rpen,,nor have they had any training in making a diagnosis The 
census officer for Bengal makes the following statement — 

The medical -man who is conversant with the manifestations of tlie 
disease can diagnose leprosy-^ before the ulcerous stage, by the form of the 
patches and swellings which appear, but it would have been quite impossible 
0 expect the census enumerators to make such a diagnosis even if thej^ were 

J, MR / 1 1 
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Some Pactoi s which Influoice Lep} osy, 

actually to examine all the persons they were to enumerate, which, of course, 
hey do not do Tliey were therefore required only to record as lepers those 
m whom the disease had reached the ulcerous stage ’ 

As those who have reached this state constitute only a small minority of 
those suffering from leprosy in any endemic area, the census figures cannot 
he expected to give any clear idea of the actual total numbers 

Moreover, there are two reasons which tend to falsify the figures— 

(1) The slow, insidious onset of leprosy, the absence of pain and the 
fact that many patients are ignorant that they are suffering from leprosy 
until the disease has advanced far beyond the early stage As an example 
of this It may be mentioned that, of 60 menials in the employ of a well 
known institution in Calcutta, five were found to have early leprosy, although 
they were ignorant of it 

(2) The desire which patients have to hide the fact that they are 
suffering from leprosy This desire is very natural as they fear that, if the 
nature of tfieir disease is known, they may lose their employment or be 
socially ostracised As an example of this may be mentioned the fact that 
of the leper patients who were attending our leper clinic in Calcutta and who 
were necessarily all aware that they were suffering from leprosy, only 7 per 
cent had then names entered as lepers m the 1921 census returns 

As the census obviously and avowedly fails to give the total number of 
lepers, can it be expected, at least in a broad sense, to give indications of the 
relative incidence of leprosy in diffeient areas'^ This implies (a) the assump- 
tion that the number of obvious lepers bears approximately a fixed relation 
to the actual total number, (fi) that the enumerators in the different areas 
are on an average equally skilful and reliable, and (r) that the desire on 
the part of the affected to hide the disease is not greater m one area than 
in another These are rather large assumptions, but when the census figures 
are examined critically there is clear evidence that the numbers, while 
necessarily inaccurate, do give a useful indication of the relative incidefice 
of leprosy It would be expected that members of the better educated and 
cultured castes would have more reason to hide their disease than the less 
enlightened yet in some areas the incidence of leprosy is given as high 
among all castes and m others as low in them all This shows that while 
the desire to hide the disease may vary among different classes, the varia- 
tion IS not great enough to cover the difference of the geographical inci- 
dence Another evidence of relative accuracy of the statistics is shown by 
reference to Map 1 which shows that m neighbouring thanas the figures are 
approximately equal and the numbers only gradually increase or dimmish as 
one passes to east or west 

Assuming, tlierefore, the usefulness of the census figures as indicating 
the relative incidence of leprosy in different zones, one of the most highly 
endemic areas was selected along with the less affected neighbounng distncts 
m order to try to discover by comparison of conditions the factors which govern 
the variation The principles discovered by this companson were then tested as 
- to their applicability in other parts of India 
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Invi:stigation in Blngal-Bihar Zone 

The area selected consists of — 

(1) " The plateau which extends, more or less irregularly, westwards 

across India from Ranchi and Hazaribagh 

(2) The sloping land lying to the north and cast which leads down 

from this plateau to the plains ^ 

(3) The Gangetic valley 

It was found that m the first of these areas the incidence of leprosy was 
very low, in the third it was somewhat higher, while in the second or inter- 
mediate area it was very high indeed This will be seen by examining Table I, 
and in more detail m Map 1 

Further study of this map shows that leprosy is very rife in the western 
parts of the Birbhum, Burdwan, Bankura and Midnapur districts, while the 
incidence is much less in the eastern parts of these districts This is most 
markedly seen m the district of Bankura In the Western or Sadar sub- 
division of this district the number of lepers given is 4,364, whereas in the 
Bishnupur sub-division it is only 928 

Taking the Manbhum district, which lies to the west of the Bankura 
district, we see the same relationship reversed, the eastern half being the 
more leprous If a line be drawm through the middle of the Manbhum dis- 
trict from north to south parallel to the contours of the principal elevations 
in the country, the statistics give the following — 

Table I 


East of the line West of the line 

Population 906,650 641,128 

Number of lepers 1,604 327 

Rate of lepers per 100,000 176 55 

While in the district of Ranchi, which lies west of the Manbhum district, 
the number of lepers per 100,000 is only 7 6 

Another illustration of this variation in the incidence of leprosy is found 
m the Mayurbhunj State (Map 2), which lies to the south of the country 
just described This State has a core of mountains occupying the centre 
To the south-east is a comparatively low-hnng tract bordering on the district 
of Balasore , while to the noith and west the land is high, varying in elevation from 
500 to well over 1,000 feet 


Mr Philip, Political Agent of tha Orissa States, kindly had collected for 
me the leprosy statistics of Mayurbhunj Leprosy was found in 151 per 
100,000 in the Sadar sub-division, which is a low-lying, rice-growing region 
with fish-beanng streams bordering on the Balasore district where the 
census returns give leprosy as 63 per 100,000 In the Udia sub-division 
which is partly low-lying and similar to the Sadar sub-division but als6 
partly high land, there were 74 per 100,000 In the Panchpir sub-division 
which lies on higher land and m which the streams are on a higher level and 
do not harbour fish, the madence is given as 18 per 100,000, m Bamanghatty 
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Mr Philip adds that, while in the whole State the Sonthals are given as 
having the largest incidence of leprosy, 149 out of 598 or about a quarter of 
the whole, yet in Bamanghatty, the sub-division in which we get the lowest 
incidence of leprosy, the population of Sonthals predominates 

The study of the above areas therefore showed that a line which passes 
from north to south between the Birbhum, Burdwan, Bankura and M;dna- 
pore distncts to the east and the Sonthal Parganas and Manbhum district 
to the west and then follows a southern course through the east of the 
Mayurbhunj State, passes through an area of maximum leprosy incidence, 
the disease diminishing more or less gradually to the east and west of this 
line With this as a starting point the question was considered as to why 
leprosy should be so prevalent along this line 

If we take one of the most highly endemic areas, which has its centre in the 
thana of Bankura with 636 per 100,000, and compare it with the less leprous 
areas lying to the east and west, what are the differences to be found which 
will account for the greater amount of leprosy m the central area^ Bankura' 
IS well known as a famine area, the Western, Sadar sub-dmsion being most 
affected The frequent famines are due to the nature of the land and of 
the soil The land is chiefly of a sloping nature with an inclination towards 
tlie east, so that, though the rainfall is not appreciably less than in the 
eastern sub-division, the water tends to run off and wash away much of 
the surface soil The soil is latente and very porous, so that ram water 
soaks rapidly into the gfround and is not available for the growth of crops 
In consequence of the sloping nature of the land and the porous nature of 
the soil, large areas of land are unable to yield crops except in the rainy 
season , and even the mam crop, that of nee, is precariously dependent upon 
a steady fall of ram in the monsoons Fodder for cattle is scarce for the 
same reason, and, though large herds of cattle are to be seen m the villages, 
they are small m build and are kept mainly for their dung which is used 
for fuel, the yield of milk being small or nil To the east the land is flat 
and of a clayey, less porous nature, where better crops can be raised and 
where the water suppl}’' is less precarious To the west m western Manbhum 
we have more clay and the subsoil water level is higher, and in the flat 
plateau land better crops are raised 

The wain difference then that we find between the central, highly 
leprous zone and the less endemic areas to the east and west is one of diet, 
dependent in the central area on the poor and irregular nature of the crops 
available for human consumption and for fodder for cattle, which conditions 
again are dependent on the physical features of the country and the nature 
of the soil In the central area the diet of the people is limited to rice and 
the less digestible forms of 'dal', milk and fresh vegetables are available 
only for the rich The poor are seldom out of debt due to the poverty in 
which they are left by successive famine years The lack of animal food is 
made up for in many places by the consumption of badly preserved or decom- 
posing fish Strange though it may seem, people belonging to castes which 
have been more recently absorbed from abongmalismanto Hinduism eat the 
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. carcasses of caUle which chc from various diseases, Ihc meat being to a 
greater or less extent decomposed Not only is decomposing meat and fisb 
eaten but caibo-hydratc food is often preferred m a state of decomposition, 
rice IS cooked at night and left overnight soaking in water, so that when it 
IS eaten in the middle of the following day, it has decomposed to a certain 
extent In certain areas a still fuithcr stage of decomposition is arrived at, nee 
beer being made and drunk m large quantities by the people 

On the western plateau better crops and fodder for cattle arc available, 
the crops aie less precarious, fish arc not obtainable and the diet of the 
people IS more nutritious , while the temptation to cat decomposed meat or 
carbo-hydrates does not exist as the food is much more tasty and its com- 
position IS better balanced In the Gangctic valley fish is eaten by the 
people decomposed fish is not eaten, (1) because it is always procurable 
fresh, and (2) because the greater variety of food available on the more 
fertile plains does not tempt even the poor to seek the tastiness imparted by 
decomposing food 

Doubtless there is a certain amount of exemption from leprosy due to 
the low humidity and lower temperature of the Ranchi-Hazaribagh plateau, 
but the same cannot be said for the diffeience between the plains of the 
Gangetic valley and the slopes of east Manbhum and west Bankura 

Another factoi which it was considered might affect the incidence of 
leprosy was the various races and castes which inhabit different areas 
_ Graph I prepared from the Bengal census returns shows a certain rough 
degree of correlation between the incidence of leprosy and the population of 
three aboriginal races, the Sonthals, Mundas and Gonds But when the 


Graph I. 

LEPROSY AND HUMIDITY. 
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‘depressed classes’ (including Bagdis, Bowris, Sonthals, Miinchis, Kurmis, 
Chasi Kaibaitas, Namasiidras, Rajbanshis) were taken (Graph II), there was 
no apparent correlation with the leprosy curve Table II, however, brings 

Tabi,s II 

Caste Caste incidence in Bihar and Orissa 

Number per 100,000 


Bown 145 

Chasa 74 

Khandit 59 

Bhuyan 45 

Teh 43 

Kurmi ' 39 

Tanti 34 

Sonthal 29 

Brahman 28 


out interesting results with regard to the extraordinary prevalence of leprosy 
among the Bown caste in Bihar who are notorious eaters of carrion We 
shall discuss the bearing of caste and race more fully later 

Furthermore, when we examine the effects of humidity m Bengal we find 
the same lack of correlation, as is shown by Graph III 

iNVESTlOATlOir IN OTHER ZoNES 

The result then of the study of this limited area points to the mam factors 
m a higher incidence of leprosy being famine or semi-famine conditions, the 
eating of decomposing food such as carrion, rotten or badly preserved fish 
and decomposing rice The eating of this fish was found to be connected 
with the nature of the soil and with the habits of certain races or castes of 
people, while humidity and rainfall, in this area at least, were not found to 
be important 

An attempt was then made to test these factors as to their influence on 
the high incidence of leprosy in other parts of India 

Taking the hill country lying between Assam and Burmah, we find the 
following contrasts between the different districts — 


TabeE III 

District 
Chin Hills 
Lushai Hills 
Naga Hills 

Hill district of Arakan 
Pakollu Hill tracts 


Lepers per 100,000 
212 
6 

80 

397 

54 


The greatest contrast is that between the Chin Hills and the Lushai 
Hills, which lie alongside each other The most obvious difference between 
these two peoples is that of their habits with regard to diet In contrast to 
the more natural diet of the Lushais, in the Chin Hills decomposing or badly 
preserved fish is a special delicacy, and one of the most important articles 
of diet, Avhile in the Arakan Hills, this is even more so In many of the 
districts of Burmah the people, being Buddhists, are averse to taking life 
though fond of eating flesh and fish The tendency therefore is to eat the 
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flesh of animals which have died a natural death, the meat of which has neces- 
sarily begun to decompose, and fisli wh ch has been caught by olheis and 
brought from a distance and therefore is not fresh 

Graph II 

LEPROSY AND DEPRESSED CLASSES. 



Sir J Hutchinson points out that leprosy used to be more common among 
Roman Catholics than among those of other creeds because of the fish-eat- 
ing rules of the former community, fish often being eaten preserved, and 
that badly, as it could not be obtained fresh In Burinah we seem to ha\e 
another and even more obvious example of how the perversion of the tenets 
of a great religion may lead to the consumption of decomposing proteins and 
consequently to a high incidence of leprosy 

If again we take the Bombay presidency, we find that the highest in- 
cidence of leprosy centres in the Satara district with 129 and in East Khan- 
desh with 102 per 100,000 The latter corresponds to the neighbouring high'y 
endemic area in the Central Provinces The former is a country over 2,000 feet 



Dr D V Kelker has kindly sent me some interesting information 
^garding this area collected from the Collector of Satara and the Assistant 
Collector of south Satara 
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‘Leprosy ni this district is concentrated in Patna Taluka, and particularly 
in the wild, hilly, western portion of that Talnka Particularly villages to the 
west of the Koyna and Moina valleys afford a vast field for investigation 

Graph III 

LEPROSY AND ABORIGINALS. 



As regards the causes of leprosy m this tract, many of the people are 
very poor, and probably ill-nouiished It is possible that they are of an 
older and more aboriginal stock than the Hindus of the rest of the district 
They certainly appear to be The annual rainfall is excessive, at Hclvak it 
averages 250 inches Dried fish is imported from the Kumbharly pass and by 
the time it is eaten by the 2 )eople of these villages if is often stinking and putrescent 
Bad fish has for generations been considered to be a cause of leiirosy ’ 

In south Satara 44 per cent of the villages are leprous, and the number 
of lepers per 100,000 given m the census is 200 
In another letter he states — 

The parts most affected arc those lying on the hill sides which form arms 
or extensions of arms of the Western Ghat The rainfall is usually, heavy 
and IS only useful m denuding the soil, the soil surface that is washed away 
IS deposited at places some scores of miles away Thus the soil affords 
only a poor kind of gram for the people and their physique is still more eaten 
up by the ravages of malaria and other epidemics ' 

The incidence of leprosy m the Central Provinces is worthy of notice 
and similar conditions are found to govern its distribution there (See 
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Man 3) In *c eastern dms.on o£ Chat.sgarh we gel the Inghest mcdence 
Sg to 143 5 per 100,000 m Drug There also we have the porous so, 1 and 
frequent fa, nines due to the slightest failure m tlie monsoons In many 

Map 3 


S^UGOa ” 60 

43 


(6 5) 





.v* ^ >^UQBULP0R!5 ^ 

* 5?» / ^ MANouA 

^ (35^. X 


34^ 

NIMAR 

34 


\WWCAY 

So 




42 , 

BETUL 

<46 


:!/ r'-s <U BILASPUR 

P-' vKs) /SEONI 5^ 

CHwmoww^ B7 f 

■v ^ ^ BAIA&HA7. \ 


AMHAOTI ’ 

O -'T^' T , i^a.’O, H 


- BAIA&HA7, ,v^. 
4^ 


sunowA 

€0 « 70 .Yg^ 

--"V 

’-®^’ " ^ooHJsW’ 


> 


CMMU1KK#V&AM 




' -TS-B; 

. 55 




Sfl^r 

jBWtDAMA 


5 

-«£?■% 

AK6uA r 

U V/1 
30 ^ 




; WAROHAV 
4;i 

A 

VEotmai.^ 


-•^ 5,' RAIPUB 

S4 


w 

>— -"M drug ' 


4-5 


47v 

^CKANOA 
52 V 


kANKfin ^ 


,- > 

BASfAR 

/ &2, 


<S^ 

KUMQER m R<NG = UmSY PER \00,000 
NUMWR without RlN&=:lHtWE4 'RMNfAl.UPE^ TEARl 


places the people eat carrion and moi cover they seek to preserve flesh by 
hanging it up to dry Milk is scarce and so are vegetables Rice is also 
taken in the decomposing state mentioned above In the western districts of 
Ainraoti and Akola along with the neighbouring region of Khandesh in the 
Bombay Presidency there is black cotton soil which is rich in quality, but 
also porous like the latente , so that water will not remain When the mon- 
soons are continuous the food crops, which consist chiefly of millet, are good, 
but any interruption of the monsoons is likely to cause famine Buffaloes are 
kept instead of cows and the people instead of drinking milk manufacture 
ghee which they send for sale to the towns 

In the middle and especially in the northern districts, as in Central India 
which borders on the Central Provinces to the north, leprosy is much more 
rare There the rainfall is very similar to that of the south-western districts, 
but the less porous nature of the soil retains the rain water and consequently 
interruptions of the monsoons do not cause famine; moreover, wheat is grown 



Some Factors which Influence Leprosy. 

in these northern distiicts and foims a more nourislnng- diet than millet 

Theie is also fodder for the cattle and milh forms a larg-e part of the diet of 
the people 

In the plains of the Punjab leprosy is uncommon and there we have the 
absence of famine conditions, and the people have milk, wheat .and vegetables 
as their principal diet 


Discussion 

At first sight it would appear from what we have related above that 
the factors which determine the incidence of leprosy are very complicated 
indeed Rainfall, humidity, elevation, slope of land and porosity of soil, race 
and caste, poverty, famine succeeding years of comparatively good crops, the 
habit of eating decomposing food 

Is there any relationship among these various factors or can we correlate 
thegi in any way? 

(1) Diet — The most outstanding determinant would appear to be dietetic, 
and there are two mam elements m this — 

(a) Starvation due to a deficiency of certain food essentials 

(b) Intoxication due to decomposing food 

In most instances these two are combined, the one leading to the other 
If normal proteins are lacking in the diet we can only expect that nature 
should demand proteins in whatever form they can be had, and hence the 
eating of decomposing fish and meat The eating of decomposing rice and 
other cereals would appear to be due to a similar cause To begin with, ncc 
IS cooked only once a day to save the time required for a second cooking, but 
later stale rice is preferred and is kept m water so as to accelerate decom- 
position It may even be kept over another period of ^4 hours so as to 
allow it to putrefy still more, and this process is often prolonged still furtlier to 
form rice beer In eastern Oiissa such decomposed rice is said to be taken as it 
acts not only as food but to a certain extent as a narcotic enabling people to 
forget their hunger and their woes 

In Calcutta a seer of diied prawns may be bought for Re 1 It will 
provide tasty food and a sufficiency of proteins for a month and such 
delicacies can be had still more cheaply in the neighbourhood of the places 
where the fish are caught and prepared So there is little wonder that food 
of this kind IS sought and appreciated in regions Avhere the crops are poor 
and lacking in relish and nourishment 

In Burmah ‘ Ngapi,’ a decomposing fish concoction, is a much sought- 
after delicacy In the Naga and Garo Hills and among the hill tribes of 
Manipur small dried fish are imperfectly preserved and eaten In Satara 
decomposing fish is brought up from the coast and supplies the wants of 
the people where the soil is poor and the food is not nourishing Another 
reason for preserving fish instead of eating it fresh is that it can be caught 
in the streams only in certain seasons especially in the rams when fish come 
up in abundance A supply is caught at that time sufficient to last for the 
whole year In the plains of Bengal, where fresh fish can be obtained all 
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the year round from rivers and tanks, preserved fish is not eaten, and leprosy 
IS less common 

It may be asked, what is the connection between rotten fish and leprosy? 
Does the fish convey the infection? There is no reason to believe that this 
IS So But any one who has had piolongcd experience of the treatment of 
leprosy must be aware to what extent the disease is influenced by diet, the 
eating of bad food often being siifiicient td bring on a severe reaction 
Starvation also, by lowering the resistance, lays the patient open to an 
attack In fact there is every reason to believe that the teaching of Sir J 
Hutchinson with regard to decomposing fish and meat as causing leprosy 
IS substantially true, and it is to be regretted that the emphasis he laid on 
this to the exclusion of other causes brought discredit on his theory, when it 
could be proved for instance that leprosy was not uncommon among the 
strictly vegetarian Marwaris 

Another dietetic factor of importance is the absence of milk from the 
diet In Burmah milk is seldom drunk as is also the case in China Indeed, 
eating of bad fish among the Chinese and allied races seems to take the 
place Avhich milk and dair)-- produce take m the more fertile parts of India 
As has been mentioned above, the lack of fodder due to poor soil also results 
m the absence of milk from the diet In several places such as Berar and 
East Khandesh buffaloes are kept instead of cows, and their millc yields 
such a high percentage of cream that ghee is made and sold in the large 
cities, milk and its products thus being cut out of the diet of the ryot 
If we accept diet then as the principal cause in determining a high 
incidence of leprosy we shall be in a position to consider the bearing which 
other factors mentioned above have upon the disease 

(2) Race, Caste and Rcbgron — As has been mentioned above, leprosv 
is exceedingly common among tffe Chinese In China itself it is most common 
m the south with Canton as the centre, and it is the Cantonese who are the 
great emigrants from China In the Strait Settlements and Federated 
Malay States leprosy is far more common among the Chinese in proportion 
to their numbers than among any other race and the same is said to hold good 
in Burmah Even m Calcutta the frequency of leprosy among Chinese, as 
witnessed by the number of them who attend our leprosy clinic, is very 
noteworthy , and yet the Chinese of Calcutta are a remarkably hard working, 
temperate and cleanly race The most probable explanation lies'in the 
absence of milk from their diet and the substitution of rotten fish, and there 
is nothing more remarkable than the speed with which our Chinese out- 
patients invariably recover, as compared with the Indian patients attend- 
ing the same dispensary, when the diet is changed to milk, whole-wheat 
bread and fresh vegetables The effect of Buddhism on those who have been 
rought up m the habits of a more primitive religion has also been mentioned, 
objection to destroying life leading to indulgence m decomposing flesh and 

It has often been pointed out that primitive peoples have more leprosy 
than the higher and more civilised This statement should, however, be 
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qualified Graph I shows that there is no dose correlation between the 
incidence of leprosy and the aboriginal races of Bengal, and Graph II shows 
an even more marked lack of correlation with the depressed castes In 
Bihar and Orissa Table II shows a very marked preponderance of leprosy m 
one particular caste, the Bowns, who show 145 per 100,000 suffering from 
leprosy, while the most typically aboriginal race, the Sonthals, shows 29 
which compares favourably with the incidence among the highest caste, the 
Brahmin with 28 per 100,000 The Bowns are well known to be unclean 
eaters They indulge in the eating of decomposing carcasses and the various 
stages of stale rice including rice beer to a far greater extent than the other 
castes of the province 

It has also been shown, as in the case of the Sonthals of Mayurbhunj, 
that aboriginals living m their upland, natural surroundings harbour but little 
leprosy, but. when they come down to the plains to work, and come m 
contact with a higher ( ^) civilization, they arc apt to fall a prey to the 
dietetic and other changes which lay them open to the attack of leprosy 

If we think of the history of many of these depressed tribes and castes 
we can see a reason for their location m places where the soil is so poor 
They represent the aboriginal inhabitants to a large extent, and were driven 
from the more fertile plains by the more powerful invaders and took refuge 
m the more hilly parts where they lived in the jungle Those of them who 
took to agriculture had to be content with poor land to till Many would be 
reduced to serfdom by getting into debt to money lenders and others Those 
of them who live under more natural conditions as in Hazanbagh and Ranchi 
and west Mayurbhunj escape leprosy , but the incidence is high among those 
whom starvation drives to eating decomposed food Sexual promiscuousness 
and venereal disease, which are very common among certain castes, are 
also very important predisposing causes Leprosy is doubtless spread from 
highly endemic to less endemic areas by some of the factors mentioned 
above Thus famine years drive the inhabitants of these leprous areas to the 
more fertile and less leprous districts, where they act as farm and industrial 
labourers or as house servants Those of them who are suffering from 
slight degrees of leprous infection tend to become worse and spread the 
infection m the area to which they have gone 

(3) Soil condifions and the physical features of the land— These are 
also accountable for starvation as has been mentioned above In places 
Avhere the soil is fertile and yields good crops year after year leprosy is 
rare Where, however, the soil is not rich, the population is small and 
proportionate to the number it is able to support In zones m which the 
land is excessively porous, though reasonably fertile, and gives one good 
staple food crop (as nee or millet), in the year, we tend to get a large 
population living under famine conditions They hav6 gradually become 
accustomed to supplement their diet in famine years by recourse to such 
putrefying food, both protein and carbo-hydrate, as they can obtain, and it 
is among such people that leprosy is common Certain latente and black 
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cotton soils seem to be those which most commonly lead to this These 
conditions are accentuated when the sloping nature of the ground leads to 
the washing away of the surface soil in the form of silt 

(4) Huimdity mid ifliii/o//— There is no marked correlation between 
humidity and leprosy in the areas studied, but rainfall may have a more 
marked effect m various indirect ways When m excess it may wash away 
upper soil and impoverish the ground for crops, thus leading to starvation , 
or, It may lead to malaria which weakens the resistance of the inhabitants to 
leprosy When the soil is excessively porous even a high rainfall may be 
associated with drought Doubtless excessive moisture accompanied by a 
high temperature by lowering the resistance predisposes to leprosy as to 
other diseases, but as far as this study has gone the correlation between 
leprosy and humidity does not appear to be close 

Suggestions 

(a) It would appear from the above discussion that a disease like 
leprosy, which is dependent to such a great extent on the economic condi" 
tions of the people, must wait for its elimination until such conditions are 
improved, and it is likely to linger on m famine areas and among backward 
tribes and castes even after it has been got rid of m more fertile and en- 
lightened zones Moreover, such leprous areas are likely to continue to be 
sources of infection This should be a potent reason for agricultural reform 
in these districts and for efforts to improve the condition of the backward 
classes of the communit)'^ 

{b) In certain leper asylums the diet is altogether insufficient and is 
calculated to cause the exacerbation of the disease In one institution for 
instance, rice is given along with 6 pice a day The patients in such circum- 
stances, unless they are able to supplement their allowance in some way or 
other, are driven to the alternatives of starvation if they wait to get good food, 
or suffering from the poisonous effects of bad food if they eat what is provided 
No good results can be expected from special treatment in such an institution 

In other asylums, however, the patients are employed m gardening, farming 
and other pursuits which make it possible for them to supplement their diet by 
the work of their own hands 

(c) This paper gives only some suggestions as to the chief causes which 
predispose to leprosy It does not deal at all with the ways m which infection 
takes place The writer will be glad to receive comments from readers who are 
acquainted with the conditions in different endemic and non-endemic areas, 
which may either confirm or modify the views given above 

Leprosy, as it exists in India, is a disease about which very little is known 
and any rehable information bearing upon the subject will be welcomed 

(d) Although conclusions based upon statistics given by the census report 
to^sliow^— by a careful survey carried' out by experts 

m WI!^* ^’li 1921 census 

(2) What are the acUial factors which determine high endem.city in each 


area 
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Selected highly endemic areas should be examined and neighbouring areas 
of low endemicity compared to bring out the contrasting conditions 

Leprosy, as it is found m towns, is no index of the actual endemicity 
of a district or province, as economic and other conditions attract lepers to 
cities for work or for begging purposes from quite a long distance 

A large number of those suffering from leprosy m Calcutta, though 
perhaps previously infected, developed the disease while Avorkmg in the 
city due to the unhygienic conditions under which they live Many of these 
people come from Bihar and Orissa and the United Provinces In Bombay 
in the same way large numbers are attracted from Satara, Khandesh and 
Berar 

Provision. must be made in these cities for the treatment of these lepers 
But the problem is primarily a rural one This paper shows that the distribution 
of leprosy is very patchy One taluka may have a very large number while a 
neighbounng taluka has very few oi none at all If the campaign against leprosy 
IS to be intelligently and economically earned out it is necessary first of all to 
have clear indications as to where the strongholds of the disease he and what are 
- Its allies in the form of climatic and soil conditions, dietary errors, accompanying 
diseases, social and racial habits, etc 

In carrying out such a survey it is not necessary to gather statistics 
as to the actual number of lepers all over the country It should be sufficient 
to check the census figures or figures gathered by untrained village officials 
with those gathered by trained experts in a certain number of villages 
Where high and low endemicity are found in neighbouring villages or areas 
a close comparison of the respective conditions will be very illuminating 

Summary 

(1) The chief direct causes of high endemicity of leprosy m India are 
dietetic, the poor diet available being supplemented by decomposing fish, 
meat, rice, etc 

(2) Caste and race have a certain bearing due to habits regarding diet 
and to certain aboriginal tribes being driven into the less fertile tracts or 
into serfdom or debt Venereal diseases, which predispose to leprosy, are 
specially common among certain low castes 

(3) The poor soil of certain tracts, its porosity and the slope of the 
land are of importance, as the crops are correspondingly poor or precarious 
and dietetic errors result 

(4) AVhile a very low humidity makes for a low incidence of leprosy 
as shown by Sir Leonard Rogers, this survey has not shown a close correlation 
between humidity and leprosy 

(5) Excessive rainfall by washing away and impoverishing the soil, by 
leading to mosquito-breeding and malaria and in other ways may have an 
indirect effect 
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Introduction 

It may be asked why rat leprosy, a disease which with one or two exceptions 
has never been known to infect human beings, should be studied The reasons 
are as follows — 

1 The very close relationship to human leprosy, a relationship almost similar 

to that existing between human, bovine and avian tuberculosis 

2 The fact that human leprosy cannot be inoculated into experimental 

animals , whereas much light may be shed on tlie human infection, 
as for example, the mode of entrance of the organisms into the 
body. Its pathology, means of effective treatment, etc , by studying 
this closely related disease 

3 The disease in rats is relatively rapid and almost 100 per cent of infec- 

tions can be induced by inoculation 

4 After finding the most favourable means of transmitting rat leprosy to 

rats it may be [possible to inoculate human leprosy into the same 
animal 

Various experiments are being tried along the lines mentioned above and the 
following paper is the first which is ready for publication — 

Leprosy-infected rats were obtained through the kindness of Col J Morison 
IMS, Acting Director of the Haffkme’s Institute, Bombay From these three 
' ( 16 ) 2 
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white and three wild decumanus rats were inoculated subcutaneously on Sth 
October, 1925 The three white rats developed the disease, and from one of these 
eight rats were inoculated subcutaneously and ten wtra-abclomwnlly on the 4th 
of March, 1926 All the rats which survived developed definite signs of rat leprosy 
within four to five months, but it was noticed that those inoculated jntra- 
abdonnnally showed much grosser lesions than tiiose inoculated subcutaneously 
As the object of this paper is to desenbe a definite type of lesion, we shall only 
mention other pathological changes in so far as they bear on this subject 

Five of the mtra-abdominally inoculated rats showed intra-abdominal 
spherical growths, viz — 


(1) Rat A 29, inoculated mtra-abdomimlly on 4th March, 1926, died on Sth August, 
1926 There was a swelling the size of a small walnut in the right iliac fossa and another 
m the left iliac iossa 

(2) Rat A 27, inoculated intra-abdommilly on 4th March, 1926, autopsicd 14th July, 
1926 Two growths were present, one under the liver on the right side aifd one in contact 
with the bladder in the left iliac fossa Both of these growths showed central caseation 
and liquefaction That on the left was adherent to the anterior abdominal wall, that on the 
right to the adjacent organs to a certain extent A guinca-pig inoculated with some of the 
caseous matter showed no signs of tuberculosis 

(3) Rat A 28, inoculated intra-abdominally on 4th March, 1926, autopsicd 22nd July, 
1926 Three growths were present in the abdomen weighing 20 35 grms , 16 25 grms and 
11 1 grms, respectively, these tumours were situated (a) underneath right lobe of the liver, 
(b) in front of the spleen — pushing forward the splenic flexure of the colon, (c) just above 
the symphysis pubis 

(4) Rat A 30, inoculated intra-abdominally on 4th March, 1926, autopsicd I2th August, 
1926 There were three intra-abdommal growths whose respective sizes and positions ire 
best appreciated by reference to Plate I 

‘a' was a large double growth situated apparently between the folds of the gastro- 
hcpatic omentum , ‘ b ' was the largest of the three and \Vas situated in the right iliac fossa 
and attached to the epiploon , while * c ’ was situated behind the hepatic flexure of the colon 
which was attached to, and pushed forward by, the neoplasm There was also considerable 
splenic enlargement (Plate I ‘ d 

(5) Rat A 44, inoculated intra-abdominally on 4th March, 1926, autopsicd 19th August, 
1926 There was one large swelling the size of a pigeon’s egg in the omentum, while the 
remainder of this structure was nodulated, the nodules being of all sizes up to a pea The 
spleen was slightly enlarged and congested and was adherent to the omentum 


In contrast to the above ammals m which definite signs of tiimour-like 
formations were present, the post-mortem findings in two other rats are given 
namely — 

(o) Rat A 49, inoculated mtra-abdommally on 4th March, 1926, autopsicd 9th August, 
1926 The omentum was much hypertrophied, weighing 2 75 grms , Jts Jeagth 
was 10 ems On palpating it, there was a sensation of nodulation or of course 
granulation (see Plate II, fig 2b) 

(b) Rat A 26, inoculated mtra-abdommally on 4th March, 1926, autopsicd 7th August, 
1926 There were no intra-abdominal swellings similar to those in the first 
five rats but both liver and spleen were much enlarged, especially the latter 
organ The liver presented a mottled appearance and the spleen was covered 
^ with small, whitish nodules The latter organ was 75 mm long by 17 mm 

broad and weighed 6 08 grms {see Plate II, fig 2b) 


of post~iHOfteiu fiiidtiigs — Out of the seven rats described above, 
five showed definite spherical growths, one to three m number and of various 
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sizes In Rat A 49 there was a more diffuse leprotic condition of the omentum 
without a tumour-hkc formation, while in Rat A 26 the omentum was not markedly 
enlarged, instead of this, the liver and spleen were much more intensely affected 
tlian in those rats in whidi there were signs of omental disease The feature 
common to all the spherical growths on section was the presence of an organised 
layer externally, lined by a thick caseous layer with liquefaction in the centre 

Microscopic cxaimmtwn — 1 There was an external layer 2 to 5 m 
thickness containing large round and spindle-shaped ‘lepra’ cells These cells 
were full of acid-fast bacilli which were so numerous as to obscure cellular 
details; the nuclei of the cells, however, appeared to be pushed to one side 

2 Inside this was a highly vascular layer composed of spindle-shaped cells, 
fibrous tissue and small lymphocytes Many of these cells also contained acid- 
fast bacilli but to nothing like the extent obtaining in layer (1) (vide supra) 

3 Still deeper was a layer composed of longitudinal fibrous strands show- 
ing very little cell structure 

4 In the innermost part of the growth the fibrous structure became still 
less distinct and merged into a caseous, amorphous zone This last appeared in 
Its deepest part to be undergoing liquefaction 

Discussion on the possible origin of these gicnuths — The occurrence of these 
spherical growths in the omentum suggested their possible origin from the peri- 
toneum {see Plate I) Referring to this figure it will be noted that growth ‘ a ’ 
was lying between the layers of the gastro-hepatic omentum, splitting the layeis 
of pentoneum at the point of junction with the stomach to which it was firmly 
bound down in front and behind along the lesser curvature 

An endeavour was made to ascertain the origin of these growths by exanun- 
ing the pentoneal covenng of vanous organs, and Plate III shows the different 
stages of infection of the pentoneal covenng of the kidney with rat leprosy 
Cells matked ‘ a ’ and ‘ b ’ show the flattened endotlielium in profile Many of 
these cells contain large number of bacilli ‘ c ’ shows the same cells somewhat 
enlarged, while ‘ d ’ shows large masses of ‘ lepra ’ cells It will be noticed that 
the pentoneum at this point is greatly thickened due to proliferation of endothelial 
cells, obviously with a view to phagocytosing the lepra bacilli ‘ e ’ is the outline 
of the kidney from whicli the peritoneum has been separated in places during the 
process of section-cutting 

A nodule occurred on the corner of the spleen due to a process similir to 
that shown in Plate III ‘ d ’ but carried much further It was composed of 
innumerable ‘ lepra ’ cells whose contents stained darkly at the margins but showed 
signs of degeneration in the centre There were evidences of the process break- 
ing through the capsule of the spleen at places, but the growth was almost entirely 
extracapsular Infection occurred at the centre of a Malpighian corpuscle 
. probably by metastatic blood spread The sflpra-splenic tumour is therefore 

simply a continuation of the same process as formed the thickemng of the renal 
peritoneum 

We pass now to Plate IV, which represents a" section through growth ‘c ’ of 
Rat A 30 {see Plate I) To reconstruct the mode of ongin of the growth it will 
be necessary to consider the findings m some of the other rats In the omentum 
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of Rat A 49 {see Plate II, fig 2b) we see a piocess similar to that which has taken 
place in the renal peritoneum and in -the small sujira-splenic tumour, liut on a much 
largei scale, namely, thickening of the peritoneum due to stimulation of its 
endothelial cells by lepra bacilli, this induces mitotic division followed b> 
phagocytosis of bacilli 

liere, however, the process has gone much further In Plate I we have 
a further stage in the series in which, instead of more or less general omental 
thickening, we have exaggerated nodule formation at ceitain points, tliese nodules 
growing apace till they become large tnmonr-like growths The tendency to 
central autolysis is shown in the supra-splenic nodule This degenerative change 
IS still more marked m the intia-omental spheiical giowths where filnosis, case- 
ation and liquefaction take place one aftei the other at the centre of the tumour, 
and where also piohfeiation of the peritoneal endothelium, followed by phago- 
cytosis of bacilli, tends to add to the sire of the tumour 

Plate V shows the tendency towards autolysis and degeneration at the centre 
of growing nodules in the liver We see lobules of the liver infected from the 
portal vein with proliferation of KupfFer cells and phagocytosis of bacilli which 
displaces and destioys through piesstire the true hepatic cells ‘a’ The typical 
lysis of ‘ lepra ’ cells at the centre while the process tends to spread radially, is 
also well shown 

Marchoux, ‘ Annales de I’lnstitut Pasteur,’ Vol 37, 1923, p 342, referring 
to both human and rat leprosy, states that the ‘ leprous tubercle ’ has no tendency 
towards suppuration, it invades and causes compiession and trophic troubles and 
disappearance of differentiated tissues (‘le tubercule lepieux n’ a pas de tendance 
a la suppuration il est cnvahissant et provoque par compression et troubles 
trophiques, la disparition des tissues differenci^s ’) 

Besides examining the method of growth of these granulomatous swellings 
there are some further points to be noted — 

(1) The almost invariable intracellular position of lepra bacilli 

(2) The way in which they are confined to certain cells, tins is especially 
noticeable in the liver where the hepatic cells themselves are not invaded by bacilli, 
but arc destroyed by pressure of the lepra cells 

(3) The protective power of tlic omentum Spleen and liver arc little 
affected in those rats iii which the omentum is grossly involved and, conversely, 
they arc greatly involved in rats in whicli the peritoneum has failed to take on 
this idle, as m Rat A 26 

(4) A point still to be determined is to what extent spleen and liver arc 
attacked directly from their peritoneal coverings and to what extent they arc 
affected by metastatic blood spread 

(5) As to the nature of the cells which are stimulated to multiplication and 
phagocytosis by lepra bacilli, this matter is still under review There seems much 
to lie said for the view of Oliver {Journal of Bxperimcnlal Medicine, 43 233 
239, February, 1926) that the cells of the rctiailo-cndothch.il system arc specially 
involved 

(6) The role of the pathogenic and saprophytic organisms, which arc almost 
incMtaldy inoculated along with the leprous material, and which arc usually 
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E ]\hin, J il/ IJciideison and E. Landeman 

discoveiablc in the substances of the siibciical giowlhs, in picpanng a nidus for 
the formation of tbesc giowlhs is a point wliicb lias still to be cletei mined ^ 

Here we have a definite, lapidly-gi owing, giaiiulomatous growth with a very 
clear pathology, this may point the way towaids the illumination of the pathology 
of othci growths more obscure in etiology 

Summary 

(1) The reasons which induced us to take ui) the study of rat leprosy are 
as follow’S — 

(o') The very close association hetw'een this disease and human leprosy 
{b) Human leprosy cannot he conveyed to lowei animals, whereas 
almost 100 per cent of successes can he assured by inoculating rats 
w'lth B lcp)(c linn nun provided the appropriate technique is used 
(c) The course of the disease m the rat is a relatively rapid one 

(2) As wall be observed from the title, we discovered that structures resem- 
bling tumour growths occurred in the abdominal cavity followang on the intra- 
abdommal inoculation of rat leprosy Such grow'ths, there is reaSon to believe, 
are granulomatous and are due to multiplication of the peritoneal endothelial cells 
and phagocytosis of bacilli together with multiplication of bacilli inside cells 
We have also remarked on the fibrosis, caseation and liquefaction which occur 
in the tumours 

(3) We think that a description of the mode of origin of these growths may 
help to shed some light on the pathology of human leprosy and also, possibly, on 
the origin of other new growths more obscure m etiology 
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Thc identification of the female specimens of Phlebofomus has always 
been the greatest difficulty encountered by workers with this genus It is only 
the females of this genus whicli suck blood and are, therefore, potential carriers 
of disease, so it is( of the greatest practical importance that a reliable method of 
identification of specimens of this sex should be available 

Recently a preliminary study of the female genitalia of Phleboiomus was 
undertaken (Sinton, 1925b), with the object of determining whether these 
organs revealed any points of diagnostic importance equal m value to those 
shown by the homologous parts in the male The conclusions arrived at in 
this work were that ‘ in our present state of knowledge of the female hypopygium 
of Fhlcbotonms, it was impossible to compile any diagnostic table based on thc 
structure of the organ until more speamens are examined, the range of varia- 
tion determined, and the degree of constancy of the different features known ’ 
(Sinton, 1925b, p 106) 

Since that time the writer has examined the female genitalia, both internal 
and external, of a large number of ‘ sandflies ’ from India and has found that in 
several species the morphology of certain parts of these structures show features 
of primary diagnostic value 

Newstead (1911), in his diagnostic table of the Maltese ‘sandflies’ has 
divided the species found by him into two groups (o) those in which the hairs 
on the dorsal surface of the abdominal segments are erect, and (b) those in 
w ich these hairs are recumbent A similar grouping was used m a previous 

pap^ of this senes (Sinton, 1925a), in compiling a provisional diagnostic table 
otHhe males of the Indian Phlebotoinns 

( 21 ) 
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Some Indian Species of Plilebotomus 

It sometimes happens, however, that the hairs on the dorsal surface of the' 
abdomen may be rubbed off, and so it is difficult to determine into which group 
of Newstead’s division a specimen should "be placed In specimens which Imc 
been treated with caustic potash solution, stained and mounted (vide Sinton, 
1925a), this difficulty can usually be overcome by an examination of the 
dorsal surface of the abdominal segments at their distal margins The very 
distinct, large, circular scars left at the points of attachment of erect hairs 
(Plate VI, fig 1, E) are markedly different from the fainter, smaller and more 
triangular scars left by the attachments of recumbent hairs (Plate VI, fig 1, R) 

This grouping is almost identical with that arrived at by a study of the female 
genitalia, where it was found that m certain species the outline of the chitinisa- 
tion of the spermathecas was smooth, while in other species the outline had a 
markedly crenulated appearance The group with the ' crenulated ' spermathecsc 
IS identical with the ‘ erect-haired ’ group of Newstead and those with the ‘ smooth 
spermathecse with the ‘ recumbent-haired ’ group, except in tlie case of P iquami- 
pleiins which seems to be intermediate between these two groups Certain 
other less marked differences have been found between these groups These 
will be described later 

This method of dividing the genus Phlebotomus, according to the morphology 
of the spermathecK, has been found of the greatest practical value in the 
identification of the members of this genus P sinnllwiiis var hospitti was 
originally described as belonging to the recumbent-haired ’ group ( Smton, 
1924b) The male hypopygium of this species resembles very closely that found 
m P miniifns and its varieties, a ' recumbent-haired ' species, but an examination 
of Its spermathecoe (Plate VI, fig 8), at once, shows that it really belongs to 
the ‘ erect-haired ’ group A careful examination of the types and co-types of 
P swnllnn is var lioipihi revealed the presence of the scars of some erect hairs 
on the dorsum of the abdomen and this has since been confirmed by the examina- 
tion of other specimens caught at Kasauli, Punjab 

Similarly in 1923 a number of Phlebotomus were collected at Lahore by the 
writer and isolated from the other specimens of the luinutus group, which they 
closely resemble, because they showed a few erect hairs on the dorsum of the 
abdomen It was, at first, thought that the condition was caused by the specimen^ 
having been rubbed at the time of capture, but an examination of their sper- 
mathccee has shown that these insects belong to ^ho ‘ erect-haired ’ group, although 
the male genitalia are of the inimitiis type This is a new species for which tin 
name Phlchotounis chftstophei si is proposed It will be described in detail in a 
later art4cle 

The females of P sumllvniis var hospitn and of P christophcisi have both 
recumbent and erect hairs on the dorsal surfaces of their abdomens, but the 
erect hairs are fewer than those seen m the other members of the ‘ erect-haired ' 
group In the males the erect hairs are usually much scantier and may not be 


♦Since writing the above I lia^e had the opportunity of examining a number of 
P sumlhinus from Africa The African species is a recumbent-haircd ’ one and quite distinct 
from the Indian P siinilhmiis \ar hospitti ivhich should, therefore, be raised to specific rank 
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detected in unmounted specimens, but in specimens, which have been stained 
and mounted, the scars of, at least, a few erect- hairs are distinctly visible on 
" the dorsum of the 2nd abdominal segment 

P squamiplctn IS on caieful examination sometimes shows a few erect hairs, 
mamly on the dorso-lateral surfaces of the abdomen, but the spcrmathecie have 
not the distinctly crenulatcd outline seen in the other members of the ‘ erect- 
haired ’ group, although they show transverse markings (Plate VI, fig 11) In 
tertam other features P sqiiawiplcmis resembles the ‘ recumbcnt-haired ’ group 
lather than the other one, so it would appear lather to occupy an intermediate 
position 

Tiic SpCRMATHLCjE 

Grassi (1907) described and figures theso structures in P papatastt 
Newstead (1911) also desciibcs them and states that they consist ‘of a single- 
walled, sub-spherical sack, and are relatively very large, at their junction with 
the duct they are strongly chitinised, and consist of usually ten transverse and 
convex ridges, which are so constricted at the margin as to present, in optical 
'section, a distinct and well-marked crenulation ’ (p 164) ' This description appa- 
rently applies to P papaiasii No fresh description of the morphology of these 
structures seems to hare been given until Adler and Theodor (1926) figured 
them m P mmiiiii'!, in P minufus var afiicanus and in Phlcbotomus sp from 
Palestine The latter workers called attention to very slight differences in the 
morphology of the spermathecre of the species desciibed by them These species 
belong to the ‘ recumbent-haired ’ group in the spermathecce of which the writer 
has also been unable to find features of any great diagnostic value, but in the 
‘ erect-haired ’ group some of the species have a morphology, which seems lo 
be specific In specimens treated with caustic potash solution and stained, it is 
the chitinisation at the base which is most evident and it is this portion which is 
described in this article 

The ^Erect-haired" Group In this group the crenulated chitinisation des- 
cribed by Newstead at th^ base of the spermatheccC is capable of extension and 
contraction like a concertina In the retracted state the transverse ridges appear 
almost linear and it is often difficult to determine how many there are (Plate VI, 
figs 2, 5, 6, 9 and 14) The chitinisation IS usually much denser than in the 
‘ rccumbent-haired ’ group ‘ 

At tlie end of the chitinisation furthest from the oviduct is a structure from 
which a number of hair-Iike structures project (Plate VI, figs 3, 7, 8, 11, 12, 13 
and 17, H) This is here called the ‘ head ’ for convemence of description 

Th'* following Indian species belonging to this group have been examined — 

P papatasu, P major, P argcntipes, P simtlhutus var hospitu and P christo- 
phersK 

(a) P papatasu When the spermatheca is expanded, it is somewhat 
sausage-shaped with about 10 transverse ridges (Plate VI, fig 3) The 'head' 
IS as wide as the body of the structure and is of a characteristic shape (Plate VI, 
figs 2 and 3, H) When the structure is contracted, it is usually difficult to 
determine the number of ridges present but the cliaractenstic ‘ head ’ can easilv 
be made out (Plate VI, fig 2) , 
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(&) P major The body is sausage-shaped (Plate VI, fig 7) and rather 
resembles tliat of P p'apaiasti, but the head is set on a characteristic long neck, 
which IS apparently not retractile (Plate VI, fig 6, N) The head is little wider 
than the diameter of the neck 

(c) P argenhpes The spermatheca is a charactenstic carrot-shaped 
structure (Plate VI, fig 4) The crenulations are about 15 in number and 
gradually dimmish m size until they become continuous with tire oviduct The 
head is small and has no long neck The shape of the body is somewhat obscured 
m contracted specimens (Plate VI, fig 5) 

(d) P siimlhmus var hospttn Here the spermatheca is very like that 
seen in P papafasn but the head is much narrower than the body and has a 
different morphology from that species (Plate VI, figs 8 and 9) The crenula- 
tions are about 10 m number * 

(c) P chrtstopherst Here the spermatheca resembles that of the last 
specimen but it has fewer crenulations (Plate VI, figs 13 and 14) * 

These are all the members of the ‘ erect-haired ’ group known to occur in 
India except P sergenh, of which unfortunately no undoubted specimen of the 
female was available It is seen, however, that, amongst the speaes examined, 
P papatasn, P major and P argenUpc;, at least, have a very distinctive mor- 
phology The morphology has been found of great use in the identification of 
the females of these species 

(/) P squaimpleurts, on account of its few erect abdominal hairs, should 
be placed in this group Its spermatheca has not, however, the distinct crenula- 
tions seen m the other members of this group and does not seem to be contractile 
The structure is turnip-shaped and is usually a conspicuous object in stained 
specimens Although not crenulated it has a series of transverse rows of small 
projections on its outer surface (Plate VI, fig 11) The hairs_which project 
from the ‘ head ' are very numerous and stain deeply, giving this structure the 
appearance of a shaving brush The morphology of the spermatheca seems to 
be diagnostic of the females of this species, for although a very large number of 
Indian ‘ sandflies ’ have been examined by the writer, in no other speaes has the 
same morphology been found 

The ‘Recumbent-haired’ Group In this group the outline of the sper- 
matheca IS smooth The chitimsation is much less dense than that seen in the\ 
‘ erect-haired ’ group For this reason it is often very difficult or impossible to 
ascertain accurately the details of these structures m stained and mounted pre- 
parations and for the same reason they are often distorted Adler and Theodor 
(1926) have figured the spermatheccE m three members of this group and it can 
be seen that the differences depicted by them are too slight to be of much 
diagnostic value Similarly the writer has found that the difficulty in examining 
these structures, the frequency of distortion and the slight variations m morpho- 
logy have, up to the present, made these structures of very little use in the 


♦The palpal formula of P stimUunus var hospiht is 1, 2, 3, 4, 5, while in P chnstophersi 
it IS 1, 2, 4, 3, S 
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specific diagnosis of the Indian species of Phicbotonms which belong to this 
group 

(fl) P nialahat tcus ( The spermathcca is cigar-shaped with a halo- 
hke head from which a few hairs project (Plate VI, fig 10) 

(h) P muutus var antcnnatus Here the structure resembles the head of 
a pipe The ' head ' is sunken into the opening of the pipe and has only a few 
hairs (Plate VI, fig 12) 

(c) P iimiKhi^var nioii/aiiux (Plate VI, fig 15) and P mnti<li(s vnr niger 
(Plate VI, fig 18) have both spermathcca; which arc larger and more egg-shaped 

The 7 }iwufits group in India is a very complicated one, for different tracts 
seem have their own special type of this group These different types have not 
as yet been separated out into different varieties or species, but have all been 
grouped under the common heading of *■ P mmutus var ’ The spermatlieca of a 
variety from Pachmarhi, Central Provinces, is figured (Plate VI, fig 17) and 
also one from Assam (Plate VI, fig 16) These two spermathecae are seen to 
have distinctly different appearances The palpal formula of the former variety 
IS 1, 2 (3, 4), 5, and of the latter 1, 2, 3, 4, 5 

The Furca 

The thickened chitinisation of the handle of the furca (Sinton, 1925&) in the 
‘ erect-haired ’ group either ends or divides into two portions at some distance 
before it reaches the bottom of the hollow of the fork (Plate VII, figs 19 to 21 
and 24 to 25), while in the ‘ recumbent-haired ' group it is continued backwards 
as a solid bar almost to the bottom of the hollow (Plate VII, figs 22 and 26 to 28) 
The furca of P sguaviiplcuris resembles those of the latter group (Plate VII, 
fig 23) 

(a) P papatasn (Plate VII, fig 19) The limbs of the furca are broad 
and flat An internal and an external projection can usually be seen about their 
middle (Elate VII, fig 19, I and E) The base of the furca is deeply fnnged 
and IS wider than the fork 

(b) P major (Plate VII, fig 24) The limbs of the furca are also broad 
and flat m this species but have not the projections seen m P papatasn The base 
has a few serrations at the distal margin of the outer angles The whole structure 
IS comparatively longer and narrower than in the other members of this group 

(c) P argentipes (Plate VII, fig 20) The limbs are narrow and the distal 
portions have the appearance of a ribbon turned on edge The space enclosed by 
the limbs is much more nearly circular than in the previous two species The base 
has a number of shallow serrations The handle is stumpier than m the other 
two species and the chitinisation divides earlier 

(d) P simillmns var Jwspihi The handle is narrow and its chitinisa- 

hon shows only a slight tendency to forking The base has few or no serrations 
(Plate VII, fig 21) 

(0 P clmstophersi (Plate VII, fig 25). ,The furca m this speaes 

described but the handle is narrower and longer, 
and the base broader , ^ 
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The figures give a better idea of the morphology of these structures than 
any veibal description It will be seen that the morphology of the furca m P 
papatasii, P majoi and P argentipes shows distinct features which may be ol 
value in diagnosis, but that in P swidbmiis var hospxtn and in P christophetsi 
they do not show any very characteristic points 

The ‘recumbent-haired’ group The furca was examined in P malahan- 
ctts (^), P minutus var antcnnatus, P vnmitus var mger, P mmutus var 
uiontanus and P mwitfus var , but as will be seen from the figures the differences 
between the stiuctuies in these species was so slight as to be of little value in 
diagnosis (Plate VII, figs 22 and 26 to 28) The furca in P squaiiuplcuns 
lesembles that found in the ‘ recumbent-haired ’ group (Plate VII, fig 23) 

( 

ThC POST-GPNIT^I, IPlA^P and RidGS 

If the shape of the post-genital plate in the ‘ erdct-haired ’ group be com- 
pared with that of the ‘ recumbent-haired ’ group, it is seen that m the former 
group Its shape is squarer than in the latter group, in which it is by comparison 
narrower and more elongated transversely The difference is, however, not vei> 
marked The plate m P squamiplcims resembles that in tlie ‘ recumbent-haired ’ 
group (Plate VII, fig 36) 

The numbei of spines on the post-genital ridge in the different species of 
Indian Phlehofoinus is in the majority of specimens constant for that species, 
but variations occur These variations have so far prevented this feature from 
being of much use in the identification of species Whether the specimens, 
which apparently have an abnormal number of spines, are distinct races of the 
type species has yet to be determined 

(a) P papatasu The post-genital plate (Plate VII, fig 31) m this species 
IS usually composed of two portions, a feature not yet found in any of the other 
species examined There are usually no large spines on the ridge, but very rarely 
two spines, like those seen m P major have been seen in specimens which are 
apparently P papatam 

(b) P majo) (Plate VII, fig 30) has two widely separated spines on the 
post-genital ridge, but more rarely three spines have been found 

(c) P ajgcntipes (Plate VII, fig 32) has two spines like P majoi, but 
these are less widely separated 

(d) P stuiilhiutts var hospitn and P chnstophersi (Plate VII, fig 35) 
have four spines on the post-genital ridge These are closely grouped 

(e) P squaimplcuris (Plate VII, fig 36) and P mmutus var montanus 
(Plate VII, fig 33) have each two spines close together 

(/) Three is the usual number of spines found in P miniiHis var antcnnatus 
(Plate VII, fig 37), while four is the number seen in P pcrtiahans, P mmutus 
var nigct (Plate VII, fig 29) and P malabaricus (^) (Plate VII, fig 34) In 
some specimens of P mmutus var five spines are present 

The Eighth Abdominal Sternite 

In P squamtplcui is and all the members of the ‘ recumbent-haired ’ group 
examined, the junction between the two halves of the eighth sternite is^deep and 
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straight (Plate VII, fig 38) Amongst the mcmlicrs of the ‘ erect-haired ’ group 
the junction is narrow and peaked (Plate VII, fig 39), except m P christophosi 
which seems to be variable 

Conclusions 

1 The morphology of the spermathccic of the Indian species of Phlchotomu'i 
examined allows of the division of the mcmbeis of this genus into two groups — 
(n) those with ‘ creniilated ' spermathccfc, and {b) those with ‘smooth’ sper- 
mathecie These groups correspond veiy closely with the ' eiect-haired ’ and the 
‘recumbent-haired’ groups described by Ncwstcad (1911) 

2 The morphology of the spcrmalhecal chitinisations show chaiacters in 
several of the species of the ‘erect-haired’ group which aie apparently specific 
In the ‘ recumbent-haired ’ group these structures have been found of little value 
in specific diagnosis 

3 The morphology of- the furca may also be of diagnostic aid in the 
‘ erect-haired ’ group 

4 The number of spines on the post-gemtal ridge is of some help m 
diagnosis 
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description op Plate VI 

The cfrawings were made with the camera-Iucid^ from stained and mounted 
sjlecimens The scale of measurement of all the figures, except Plate VI, fig 1, 
IS given at the foot of the plate 

Fig 1 Dorso-lateral portion of the posterior margin of the 5th abdominal 
segment of P chrtstopJieisi ( ^ showing the^types of scars left by 
erect (F) -and recumbent hairs (H) 

„ 2 Spermatheca of P papatasn m contracted condition H ‘head’ of 
spermatheca 

„ 3 Spermatheca of P papatasn in extended condition 

„ 4 Spermatheca of P argenttpes in extended state 

„ 5 Spermatheca of P arqcnUpcs in contracted state 

„ 6 Spermatheca of P onajor w contracted state 

„ 7 Spermatheca of P major in extended state N is ‘ neck ’ and H tlie 

head 

„ 8 Spermatheca of P stimlhmtis var hosptin in extended state 

„ 9 Spermatheca of P similhmus var hospitii in contracted state 

„ 10 Spermatheca of P malahancus ( ?) 

„ 11 Spermatheca of P squaimpleurts 

„ 12 Spermatheca of P minuius var antenmtus 

„ 13 Spermatheca of P chnstophcrsi m extended state 

„ 14 Spermatheca of P chrisiophersi m* contracted state 

„ 15 Spermatheca of P imnutus var montanus 

„ 16 Spermatheca of P immiiiis var from Assam 

„ 17 Spermatheca of P mtmiUis var from Pachmarhi 

„ 18 Spermatheca of P mmufus var niger 






j DrscRipTioN OF Plate VII 

The drawings were made with the camera-liicida from stained and mounted 
specimens The scale of measurement for all the figures is that shown between 
Plate VII, figs 19 and 20 

Fig 19 Furca of P papaiasii, showing internal (I) and external projections 
(E) on the limbs 
, 20 Furca of P mgentipcs 

„ 21 Furca of P stmillwms var Iiospifn 

„ 22 Furca of P vnnutus var ingcr 

„ 23 Furca of P sqiiamiplcin is 

„ 24 Furca of P inajot 

„ 25 Furca of P christophcrsi 
„ 26 Furca of P malahariciis ( 

„ 27 Furca of P mnndus var anteimatus 

„ 28 Furca of P mwntus var vwntanus 

„ 29 Post-genital plate ^d iidge of P mimitii’; var ingcr 

„ 30 Post-genital plate and ridge of P major 

„ 31 Post-genital plate and ridge of P papaiasii 

„ 32 Post-genital plate and ridge of P argcntipes 

„ 33 iP'ost-genital plate and ridge of P immitus var montamis 

„ 34 Post-genital plate and ridge of P malabaricus (?) 

„ 35 Post-genital plate and ridge of P cJmstophci si 

„ 36 Post-genital plate and ridge of P squannplcuris 

„ Z7 'Post-genital plate and ridge of P mmiitus var antennatns 
„ 38 Eighth abdominal sternite of P squaimplcuris (?) 

„ 39 Eighth abdominal sternite of P papatasn (?) 
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Adi,t:r and Theodor (1926), in a study of the imnnius group of the genus 
Phlebotomus in Palestine have drawn attention to the peculiar morphology of the 
buccal cavity and the pharynx of these insects They think that ‘ possibly the 
characters of the pharynx and buccal cavity combined, or even if tlie pharynx 
alone, may prove to be of diagnostic value throughout tlie whole genus ’ (p 400) 
These authors give the following description of the portion of the buccal 
cavity which they have found to be of diagnostic importance — ' the posterior part 
of the floor of tlie buccal cavity of the minutus group bears teeth, and the 
arrangement of these teeth is probably of diagnostic value, for they are constantly 
present in males and females In addition, the posterior dorsal part of the 
buccal cavity contains a pigmented area which is nearly always present in the 
female and is occasionally present m the male The buccal cavity of P papatasn 
and P permctosiis contains no teeth and -no pigmented are? ’ (p 401) 

It was pointed out in anotlier paTer of this senes (Smton, \927h) that al- 
though the morphology of the spermathecse is of great value in distinguishing the 
members of the ‘ erect-haired ’ group of Indian Phlebotomus, yet it is not very 
useful in the ' recumbent-haired ’ one It has now been found that the morphology 
of the posterior portion of the buccal cavity of those Indian species examined, 
affords considerable help in the diagnosis of the species belonging to the latter 
group, while it is of much less value in the former one 

The descriptions given in this paper were made from specimens treated with 
caustic potash solution and afterward^ stained and mounted {vide Smton, 1925) 
To get the most satisfactory view, the buccal portion was dissected out from 
the detached head while the specimens were m Canada balsam, before the cover- 
slip was applied Adler and Theodor (1926), however, state that the characters 

( 29 ) 
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of this structure can be readily determined in fresh specimens mounted in saline 
It is often very difficult to determine accurately the shape of the free ends of the 
teeth, whether they aie flattened, rounded or pointed, so this character has not 
been used in diagnosis 


The ‘ Erect-haired ' Group 

In the ‘erect-haired’ gioup the examination of the females of P papatasu, 
P major and P argenkpes and the male of P sergenti failed to reveal any pig- 
mented area similar to that seen in the ‘ recumbent-haired ’ group and, where 
teeth were present they were inconspicuous in comparison with those seen in the 
other species examined In P stmtUtmus var hospttn the development of the 
pigmented' area and of the teeth is well-marked, while in P christophersi they 
are poorly developed 

(a) P simtllvmis var hospthi In both sexes the teeth are numerous and 
well-developed (Plate VIII, figs 1 and 2) The pigmented area in the male is' 
large and oval, while in the female it is much larger and has in addition a short 
blunt tongue projecting forwards 

(&) P christophersi The pigmented area in both sexes is very small 
and ratlier carrot-shaped (Plate VIII, figs 4 and 5) The female has four or 
five large widely separated teeth (Plate VIII, fig 4), while m the male there are 
two or three large teeth and a number of much smaller ones (Plate VIII, fig 5) 
In the female there is a chitmous thickening joining the two lateral walls of tlie 
buccal cavity, just anterior to the position of the teeth (Plate VIII, fig 4, C) 

{c) P squamipleuris The pigmented area m the female is shaped like 
the segment of air orange and from the middle of the straight or anterior edge 
It has a small pointed projection (Plate VIII, fig 7) In the male this area is 
much smaller and of an irregular oval shape (Plate VIII, fig 8) The female 
has a well developed row of teeth, while in the male they are much smaller and 
slightly separated from each other 

In both the male and the female the lateral chitinisations of the buccal 
cavity show a large lateral projection on either side (Plate VIII, figs 7 and 8, P) 
Such a large projection has not been noted in any of the other species examined 
In the female this projection has a number of serrations projecting postenorly, 
but in the male it is rather more irregular in shape 

The ' Recumbent-haired ’ Group 

In this group the teeth and the pigmented area were well-developed m all 
the species examined 

(a) P malaharicus ( ^) * The pigmented area is large and of a triangular 
shape in the female (Plate VIII, fig 6) The teeth are large and well-developed 

(&) P montanus This speaes has a palpal formula of 1, 2, 3, 4, 5, the 
relative lengths of the segments being 2 2, 5 7, 8 8, 10, 19 2 The pigmented area 
of the buccal cavity m botli sexes differs markedly from that seen in any of the 

♦These are the specimens described in a previous paper as probably the females of 
P malabancus (Sinton, 1927a') 
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other speaes of Phlcbotomus exammccl (Plate VIII, figs 10 and 11) The 
teeth are also peculiar m both sexes There is a single row of teeth in the middle 
and about four ^o^\s at the maigins These features combined with i^ts other 
morphological peculiarities would seem sufficient to raise this insect from the 
\'anetal rank of P vmmius var mo)ita}ius to specific rank as P ‘inonfanxts 

(c) The inttiufxis group This group is a very confused one and it has 
been found that m India, with its great variations m physiography, different 
areas have their own special members of this group These insects in many 
instances show a marked variation in morphology, although the males have all 
the ximiiins t}T)e of genitalia They have, up to the present, mostly been grouped 
togetlier as P immiUis A^ar, but a more thorough study of these insects will 
probably reveal that several Aarieties or even species have been grouped together 
under tins name This has already happened in the case of P iiioutaniis and 
P chnstophcrsi The group will require much more work before their classi- 
fication IS properly settled 

Adler and Theodor (1926) have described the buccal cavity m two members 
of this group from Palestine, namel}^ P nunutus and P iiiinutus var afncaniis 

(1) P vmiJiUts var antcnnalns This variety closely resembles the type 
species, P mviutus, but differs in its very short 3rd antennal segment and its 
palpal formula — 1, 2, 3, 4, 5 The buccal cavity closely resembles that figured 
by Adler and Theodor (1926) in P muiuitts There is a well-marked row of 
teetli in both sexes and the pigmented area is oval in shape (Plate VIII, figs 12 
and 13) 

(2) P mixmUis var xngcT This species has a palpal formula of 
I, 2 (3, 4), 5 The pigmented area is rather mushroom-shaped with a depres- 
sion on the top (Plate VIII, fig 9) The teeth are numerous There is a 
bar joimng the two lateral walls of the cavity just anterior to the base of the teeth 
and this bar has an oval depression in its posterior free edge This type of 
buccal cavity rather resembles that depicted by Adler and Theodor (1926) in 
P iinnutKs var africamis, but in afxicanns the palpal formula is 1, 2, 3, 4, 5 

(3) P mxnuhis var This is the variety seen in the North-eastern parts of 
India and in Rangoon, Burmah The buccal cavity resembles that seen in 
P ximiutus var iiiper, except that the number of teeth are fewer and much 
larger (Plate VIII, fig 3) 

The mger type of buccal cavity is that most commonly found in the vimiduc 
group in India Speamens showing the morphology figured bj Adler and 
Theodor (1926) in P miimfus are much rarer, so it is possible that P hahu 
Annandale, 1910, may again be raised to specific or varietal rank 


CONCI,USIONS 

1 The morphology of the buccal cavity has been examined m a large 

num er of specimens of Indian Phlcbotomus and seems to be constant for the 
species examined 

2 Amongst the species of Phlehotomm described m this paper, the mot- 

WoSlv *agnost,c value, more 

especially m the recumbent-l^aired ’ group 



Description op Peatc VIII 

The drawings were made with the camera-lucida from stained and 
mounted speamens The scale of measurement is the same in all the figures 
{vide Plate VIII, fig 2) The posterior portion of the buccal cavities of the 
following species are depicted — 

Fig 1 P smnlltmiis var hospiHi ( 2 ). 

,, 2 P stmtUimu^ var hospxUi ( <5* ) . 

„ 3 P mwtiHis var ( 2 ) from Rangoon, Burmah 

„ 4 P chrtstopherst ( 2 ) 

, 5 P Christophers^ ( c? ) 

„ 6 P malabaricus ( ?) ( 5 ) 

„ 7 F squamipleuris ( 2 ) 

, 8 F sqiiamtplcuns ( d ) 

„ 9 F mtnuiiis var niger ( 2 ) 

„ 10 F montanus ( 2 ) 

1 1 F montanus ( d ) 

, 12 P minuUis var antennatus ( 2 ) 

„ 13 F minutus var antennatus {d ) 
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3 If this character is taken in conjunction with the morphology of the 
spermathecae (Sinton, 1927&), some much needed help is given in the identifica- 
tion of the females of the Indian Phlebotomus 
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NOTES ON SOME INDIAN ' SPECIES OF THE GENUS 

PHLEBOTOMUS 


Part XXI. 

PHLEBOTOMUS CHRISTOPHBRSI N SP 

BY 

Major J A SINTON, i m s 
[Received for publication, February 7, 1927 ] 


WhilR fcollecting ‘ sandflies ’ at Lahore, Punjab, India, during the summer 
and autumn of 1923, it was noticed that a number of specimens, which superh- 
aally appeared to belong to the immttus group of the ‘ recumbent-haired ’ division 
of the Indian Phlebotonms, had a few erect hairs on the dorsum of the abdomen 
It was thought, at first, that these hairs had been displaced at the time of capture 
or during subsequent handling The abdominal hairs, however, were more pro 
fuse than those usually seen amongst the members of the mmuhis group and the 
palpal formula was different, although the male hypopygium was of the tyjie 
seen in that group A subsequent careful examination of these specimens 
showed that the spermathecas belonged to the ‘ crenulated ’ type seen in the 
‘erect-haired’ group (Smton, 1927a), and that the morphology of the posterior 
portion of the buccal cavity was quite distinct from that seen in the mtnutus group 
(Smton, 1927&) It was apparent, therefore, that this was ^ hitherto undes- 
enbed species of Indian Phlehotoimis for which the name P chrtstophersi was 
. proposed (Smton, l'927a) 

PHI.HBOTOMUS CHRISTOPHERSI n Sp ( $ ) 

Geiwral Description of Fresh Specimens 
Naked-eye appearance It is a medium-sized species with comparatively 
long legs The general colour is greyish brown The very dark eyes are in 
in marked contrast to the lighter sides of the thorax 

Microscopical appearance No scales are present on the pleurje The 
colour varies from dark to light greyish brown The integument of the abdomen 
and the dorsum of the thorax is brownish grey, while the sides of the thorax arc 

( 33 ) 
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lighter The wings are covered with brownish grey hairs, which, in some 
specimens, have a distinct bluish effulgence The wing membrane has a bluish 
iridescence The tips of the halteres are very dark The abdominal hairs arc 
greyish or yellowish brown and are very profuse, more so than usually seen in 
this position in the mtnutus group These hairs on the dorsum of the abdomen 
are recumbent except for small tufts of erect hairs at the posterior margins of 
the segments These tufts are not nearly so marked as those seen in P papatasit, 
P major, P argenhpes or P seigenh, m all of which species the majority of 
the dorsal hairs are erect or semi-erect The tufts resemble those seen m P 
swnllnnus var hospUtt The ventral hairs are even more profuse and are not so 
recumbent as the majority of those seen on the dorsum The genitalia are more 
yellowish than the abdomen proper The antennae are dark grey as are also the 
palps, except for the last segment of the latter which is a silvery white colour 
The legs are dark grey with silvery reflections 

Description of Stained and Mounted Specimens 

Table A gives the measurements of seven specimens of this species ' 
The buccal cavity (Plate IX, fig 11) has four or five widely-separated 
and well-developed teeth The pigmented area is very small and rather carrot- 
shaped (Plate IX, fig 11, P) (Sinton, 1927&) 


Tabus A 

Phlehotomns christophersi n sp ( $ ) 
IVIoasurements in miUnnetros of tho different parts of the body 


Specimens number 

1 

2 

3 

B 

6 

6 

7 


OlypeuB and bead 

0 414 

0 400 

0 371 

0 386 

0 400 

0 386 

0 400 


Thorax 

' 0 685 

0 643 

0 686 

0 667 

0 628 

0 671 

0 657 

Q 

o 

Abdomen proper 

1 286 

1643 

1600 

1 428 

1428 

1671 

1367 

W 

Sup claspor, seg 1 

0143 

0 143 

0 143 

0 171 

0 143 

0171 

0143 


Total Length 

26 ! 

2 83 

26 

2 64 

26 

28 

2 46 

Labium 

0 243 

0 267 

0 236 

0 257 

1 

0 271 

0286 

0 247 


Segment III 

0143 

0 143 

0 114 

0 128 

0136 

0 143 

0 136 

1 


Segment IV 

0 078 

0 085 

' 0 071 

0 071 

0 071 

0 078 

0 071 

< 

in 

55 

Segment V # 

0 078 

0 086 

k 0 071 

1 

0 071 

0 071 

0-078 

0 071 

g 

Segment VT 

0 078 

0 086 

0 071 

0 071 

0 071 

0 078 

' 0 071 


Segments XII — XAT 

0 271 

0 286 

0 267 

0 267 

0 267 

0 286 

! 0 201 


Total Length 

1 140 

1 200 

j 1030 

1 100 

1 086 

1 186 

1 100 


* Type spcoimon 
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Tabli: a — contd 


Spcoimons number 

1 

2 

3 

B 

5 

G 

7 

Segment 1 

0 030 

0 030 

0 033 

0 033 

0 036 

0 036 

0 036 

Segment 2 

0 000 . 

0 090 

0 093 

0 099 

0 090 

0 093 

0 087 

Segment 3 

0180 

0 108 

0 160 

0 171 

0 ISO 

0 189 

0 180 

Ow Segment 4 

0 114 

0111 

0 106 

0 111 

0 123 

0 120 

0 111 

Sogmoht 6 

0 265 

0 270 

0 240 

0 329 

0 240 

0 300 

0 266 

Total Lenotu 

0 078 

0 076 

0 027 

0 738 

1 

0 609 

i 

0 744 

0 609 

1 - 

Length 

1 730 

1 714 

t 

1 570 

1 040 

1657 

1 714 

1 671 

Breadth 

0 430 

0 414 

0 370 1 

0 400 

0 371 

0 428 ' 

0 367 

a 

0 200 

0 200 

0 167 

0 214 

0 186 

0 186 J 

, 0186 

1 

0 300 

0 300 

0 307 

0 286 

0 328 

0 343 1 

1 0 286 

y 

0 328 

0 314 

0 286 

0 285 

0 271 

0 271 

0 271 


0 086 

0 071 

0 071 

0 086 

0 067 

0 067 

' 0 071 

t 

\ 

0 367 

0 367 

0 314 

. 0 367 

, 0 328 

0 367 

1 0 367 

B 

0 800 

0 786 

0 743 

0 786 

1 0 814 

0 814 

1 0 771 

Femur 

0 757 

0 767 

0 700 

0 743 

0 743 

0 771 

0 714 

1 Tibia 

1043 

1000 

0 900 

0 967 

0 986 

1028 

0 043 

0 

^ Tarsus, seg 1 

0 528 

0 630 

0 486 

0 614 

0 493 

0 643 

0 600 

Tarsus, segs 2 — 5 

0 628 

0 028 

0 000 

0 614 

0 600 

0 667 

0 671 

Total Length f 

3 00 

29 

27 

28 

28 

30 

27 


* Typo Bi)ocimejQ 

•j- Not including coxa and troohantor 


The body averages about 2 6 mm m length when extended It is almost as 
long as the hind leg and is about 1 6 times the length of the wing 

The anteimw (Plate IX, figs 4 and 5) The Illrd antennal segment is 
equal to about half tlie combined lengths of segments XII to XVI, but is slightly 
shorter than the lengths of segments IV to V The distal end of the Vth segment 
reaches the distal end of the proboscis The total length of the antenna is 4 0 to 
4 2 times the length of segments XII to XVI combined , 8 to 9 times that of 
segment III , about 0 4 times that of the hind leg and 0 65 to 0 70 that of the wing 
The geniculate spines are stout and well-developed (Plate IX, figs 4 and 5) 
Those on segments XIV and XV reach to the bases of the succeeding segments 
(Plate IX, fig 5) The antennal formula is 2 over III to XV 

The pa}/?s (Plate IX, fig 3) The palpal formula is 1, 2, 4, 3, 5, the relative 
lengths of the segments averaging 3 1, 8 0, 15 3, 10, 23 3 This is different from 
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P imnutus, which has a similar formula, but m which the IVth segment nearly 
equals the third The Illrd segment is markedly incrassate in its proximal third, 
and the incrassdtion carries a very large number, about 50, of the ‘ cunous 
modified spines ’ described by Newstead (Plate IX, fig 3, N) The ratio palp 
over labium is 2 6 to 2 8 

The imnps (Plate IX, fig 1) The ratio length over breadth is 4 0 to 4 4 
The length is about 0 58 times that of the hind leg The ratio o over /3 averages 
about 0 62 (0 51 to 0 75) , /I is approximately equal to y , a over y averages 
about 0 64 (0 55 to 0 75) , o over a averages about 0 37 (0 31 to 0 45) , a- over 
£ averages 0 55 (0 55 to 0 60) , 0 over e 2 28 ( 2 16 to 2 50) , n+jS over 0 
about 0 64 and over wing length about 0 47 (0 46 to 0 49) 

The hind leg is about 2 7 to 3 0 mm m length The relative lengths of the 
different segments of the leg averaged 14 5, 19 , 10 , 12 

The genitalia The spermathecas (Plate IX, fig 9) are sausage-shaped 
and have 8 or 9 crenulations There are four spines on the post-genital ridge 
These structures and the furca have already been described and figured in another 
paper of this senes (Sinton, 1927a) 

Diagnostic Features of the Female 

The erect hairs on the dorsum of the abdomen and the crenulated sper- 
mathecae at once differentiate this species from all the members of the ‘ recumbent- 
haired' group The palpal formula 1, 2, 4, 3, 5 is also different from any of 
the members of this group recorded from India except P minutus type As 
pointed out above, the fact that the Illrd segment of the palp is times as long 
as the IVth in P christopherst distinguishes this species from P imnutus type in ' 
which these segments are nearly equal in length 

Amongst the ‘ erect-haired ’ group tlie palpal formula m P papatasii ts 
1, 4, 2, 3, 5, in P major 1, 4 (2, 3), 5-, in P argentipes 1, 4, 2, 3, 5, inP 
sergdnti 1 (4, 2), 3, 5 and in P simtlhmus var hospitn 1, 2, 3, 4, 5, while in 
P christopherst it is 1, 2, 4, 3, 5 

The morphology of the spermatheCcC is distinctly different from that found 
in any of the other Indian members of this group except P stmilhinus var hospitn 
(vide Smton, 1927a), while the shape of the posterior portion of the buccal cavity 
seems to be characteristic of this speaes (Sinton, 1927&) 

'PHLkBOTOMUS CHRISTOPHpRSI n sp ( S ) 

General Description of Fresh Specimens 
Naked-eye appearance The insect resembles a large male of the minutus 
group The colour is dark grey ^ 

Microscopical appearance The appearance is more or less the same as that 
described in the female, except that the number of erect hairs on the dorsum of 
the abdomen is much fewer, indeed these may be so scanty that they are missed 
frequently m the exaimnation of fresh specimens The very profuse nature of 
the recumbent hairs on the abdomen enables one to differentiate roughly the 
males of this species from those of P imnutus and its varieties in which these 

hairs are scanty 
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Description of Stained and Mounted Specimens 
Table B gives the measurements of four specimens of this insect 


Tabi^i: B. 

Phlcbofomus clnistopfieisi n sp (d) 

Measurements m millimetres of the difForont parts of the body 


Specimens number 

1 

^ * 

2 

3 

4 



Clypous'and head 

0 371 

0 385 

0 371 

0 428 

0 428 


Thorax 

0 000 

0 540 

0 567 

0 630 

0 643 

tr* 

Q 

O 

Abdomen proper 

1 500 i 

1328 

1 267 

1 314 

1300 


SUp claspcr, seg 1 

1 0 240 

0 234 

0 236 

0 240 

0 255 


Total Lekoth 

- 1 

26 

24 

20 

26 

Labium 

0 214 

0 214 ' 

0 214 

0 230 

1 0 230 


Segment III 

0160 

0 140 

0 157 

0164 



Segment IV 

0 080 1 

0 079 i 

0 086 

0 086 


-tj 

Segment V 

0 080 

0 079 

0 086 

0 085 


g 

Segment VI 

noso 

0 070 

0 0S6 j 

- 0 086 


<3 

Segments XII — XVI 

0 271 

0 267 

0 285 

2 080 



Total Length 

1 143 

1 100 

1 214 

1 190 



Segment 1 ' 

0 030 

0 033 

0 033 

0 030 

0 030 


Segment 2 

0 084 ! 

0 081 

0 084 

0 093 1 

0 090 


Segment 3 

0 166 

1 

0 144 

j 

0160 

0 166 

0 163 

(3 

Segment 4 

0 114 : 

OIOS 

0 111 

0 123 

0 120 


Segment 5 

0 270 i 

0 234 

0 256 

0 300 

0 270 


Total Length 

0 664 

1 

0 697 

0 634 

0 702 

0 663 


Length 

1 600 

1 600 

1 630 

1670 

1670 


Breadth 

0 367 

0 367 

0 370 

0 370 

0 370 


a 

0 143 

0 167 

0143 

0 067 


§ 

a 

0 271 

0 243 

0 286 

0 364 

* « 


y 

0 314 

0 300 

0 328 

0 364 

• 



-0 014 

0 028 

0 000 

-0114 

• 


£ 

0 271 

1 0 286 

0 300 

0 186 


. 


0 667 

0 043 

0 714 ■ 

0 686 

/ 



* Type specimen 
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TabIvI: B—contd 


Speoimons number 

1* 

2 

3 

4 

6 

Femur 

0 685 

0 028 

0^700 

0 700 


O Tibid 

0 914 

0 814 

0 900 

0 928 


Tarsus, seg 1 

0 485 

0 444 

0 600 

0 600 


(3 Tarsus, sogs 2 — 6 

0*614 

0 643 

0 630 

0 614 


Total Length t 

27 

24 

26 

2 74 


fseg 1 

! 0 240 

0 234 

0 234 

I 0 240 

0 266 

Sup olaspor -f 






I seg 2 

0 114 

0 108 

0 114 

0114 

0120 

Intermediate appendage 

0 204 

0 189 

0166 

0 210 

0 219 

Tntromittent organ 

VI 

0 057 


0 066 

0 067 

0 066 

Inferior claspor 

0 234 

0 210 

0 226 

0 240 

0 266 

Sub genital lamellco 

0 204 

0 196 

0 166 

0 204 

0 226 


* Type spooimon 

•j* Not including coxa and trochanter 


The buccal cavity (Plate IX, fig 10) has two or three large teeth and a 
number of much smaller ones The pigmented area is carrot-shaped as in the 
female (Sinton, 1927&) 

The body averages about 2 5 mm in length when extended It is not quite 
as long as the hind leg and is about 1 6 times the wing length The scars of a 
very few erect hairs may be picsent on the 2nd abdominal segment but not on the 
succeeding ones 

The antennee (Plate IX, figs 6 and 7) The length of the Illrd segment 
IS slightly greater than half the combined lengths of segments XII to XVI, but i*: 
shorter than the lengths of segments IV and V combined The total length of the 
antenna is alxuit 4 25 times the lengths of segments XII to XVI combined , about 
7 7 times that of segment III , about 0 43 times that of the hind leg and 0 75 that 
of the wing length The geniculate spines are well-developed (Plate IX, figs 6 
and 7) The spines on segments XIV and XV reach to the bases of the succeeding 
segments The antennal formula is 1 over III to XV 

The palps (Plate IX, fig 8) The palpal formula is 1, 2, 4, 3, 5, the relative 
lengths of the segments averaging 2 7, 7 5, 13 5, 10, 23 5 The Illrd seg- 
ment has not the very marked incrassation seen m the female and the ‘curious 
modified spines ’ are only about 8 to 10 in number The ratio pnlp over labium 
IS 2 8 to 3 0 

The xvings (Plate IX, fig 2) The ratio length over breadth is about 
4 25 The length is about 0 58 times that of the hind leg The venation differs 
from that of the female wing in that 5 is small or even negative as in (Plate IX, 
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fig 2), which IS rather like the venation of P sigmtipennts in this particular’*' 
The ratio S over a varied from —2 0 to -f-O 18 This smallness of 5 is in 
some cases accompanied by a comparatively short a. The ratio « over ft 
averaged 0 45 (0 15 — 0 64) , ft over y aveiaged 0 89 (0 8— 1 0), a over y 
averaged 0*39 (0 15-0 52) , n over t 0*46 {0*31— 0 55) , B over i 2 7 (2 25—3 7) , 
a+/3 over 0 61 (0 60-0 63) and 6 over wing length 0 43 

The hwd leg is about 2 4 to 2 7 mm in length The relative lengths of the 
segments averaged 14, 18 4, 10, 12 4 

The gcuifaho are of the miimfiK type (Plate IX, fig 12) The relative 
lengths of the 1st and 2nd segments of the supenor clasper, the intermediate 
appendage, the inferior clasper and the sub-genital lamellae are 22 2, 10, 18 3, 21 6, 
18 3, respectivel> From these figures it is seen that the first segment of the 
supenor clasper and the inferior clasper are almost equal m length and that the 
lengths of the intermediate appendage and the sub-genital lamellae are equal The 
spines on the distal segment of the superior clasper are alxiut 90 a* m length, while 
the small non-deciduous hair is about half this length There is a very distinct 
narrow fissure in tlie intermediate appendage commencing on its ventral margin 
at about one-third of the length of the organ from its apex (Plate IX, fig 12, C) 
The genital filaments are protnided for about 60 to 70 The ends of the 
filaments are curved upwards and outwards, but not so markedly as in the case of 
P sgiianitpleuris nor have they the bulbous ends seen in that species 


Diagnostic Features of the Male 

The scantiness of the erect hairs on the dorsum of the abdomen in this 
speaes make, this feature of little diagnostic value None of the other Indian 
species in the ' erect-haired ’ group, except P sergenH, P squaimpleuns and P 
siimllumts var hospiin, have four spines on the distal segment of the supenor 
clasper The distnbution of these spines in P sergenti is markedly different 
from that seen in P chnstopherst (cf Smton, 1924, Plate XLV, fig 6) The 
genitalia of the other two species mentioned closely resemble that seen in P Chris- 
topher si but neither of these speaes have a palpal formula of 1, 2, 4, 3, 5 
In the-case of P squaimpleuns the peculiar morphology of the genital filament'! 
and the absence of geniculate spines on the IVth antennal segment at once differen- 
tiate this species In the case of P stimlliinus var hospitn the wing is much 
broader, the ratio length over breadth being about 3 36, while in P chnstopherst 
^ the wing IS relatively much narrower, the ratio being about 4 25 The morpho- 
logy of the buccal cavity is also charactenstic 

In the ‘recumbent-haired’ group the hypopygium of P mtnutus and its 
varieties closely resembles that of P chnstopherst, but in none of this group 
except in P mmutus type has a palpal formula of 1, 2, 4, 3, 5 been desenbed 
In P mmutus type the Illrd palpal segment is almost equal to the IVth, which is 
not the case in P chnstopherst The very hairy abdomen in the latter species 
also helps to differentiate it from the former 


Di common position of the upper branch 

Di the 2nd fork of the second vein of the wing 
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Description op Plate IX 
Phlehotomus clnistopherst n sp 

Wing (?) 

Wing ( d ) 

Palp (?) N are the ‘ cunous modified spines ’ 

Segments II, III and IV of the antenna (?) 

Segments XIII to XVI of the antenna ( ? ). 

Segments II, III and IV of the antenna { d) 

Segments XIII to XVI of the antenna (d) 

The palp ( cf ) 

The spermatheca ( 9 ) 

Posterior portion of the buccal cavity ( cf ) 

Posterior porhon of the buccal cavity, showing the teeth and the pig- 
mented area (P) (?) 

The male hypopygium C is the fissure in the intermediate appendage 



Platc IX. 
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Sonm Indian Species of PMebotomus 


Distribution 

This species formed about 3 per cent of the ‘ sandfly ’ catch made at the 
Central Jail, Lahore, Punjab, during August and the early half of September 
1923 One female specimen was captured m Lahore Cantonment during May 
1921, and two specimens in a railway carriage at Kalka Railway Station, Punjab, 
in June 1923 


Conclusion 

The species here described differs, more especially in the female, from any 
of the species of Phlcboioiuns hitherto described and the name P chrislophcrsi ii 
proposed for it 


SiNTON, J A (1924) 
SiNTON, J A (1927a) 
SiNTON, J A (1927t)) 
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In a preliminary note regarding the pharmacological action of the organic- 
antimony derivatives (aromatic), I pointed out that a number of these new 
derivatives had been introduced for the treatment of tropical diseases and were 
being largely used in India The starting point of all these compounds was 
sodium-para-ammo-phenyl-stibinate (or sodium p-stibanilate), which is the anti- 
mony analogue 'of atoxyl or sodium p-arsanilate from which all the organic 
arsenicals were originated This compound was given the name of ‘ Stibamin ’ by 
Brahmachari from the analogy to the corresponding compound of arsenic called 
‘ Arsamin ’ (Atoxyl) Stibamm, however, is not a very stable compound and its 
therapeutic applicability for that reason is limited To get a more stable deriva- 
tive an acetyl group was introduced into it and sodium acetyl-p-ammo-phenyl-stibi- 
nate known as stibacetin was prepared This was the first aromatic compound of 
antimony to be used in the treatment of leishmaniasis, and was introduced under 
the trade name of ‘ Stihcnyl ’ This compound, although it gave good results in 
Europe was found uniformly to be of no value in the treatment of leishmaniasis 
m this country Brahmachari prepared a carbamide derivative of p-amino-phenyl- 
stibmic acid and the compound which is now known as nroa-stibamwe came into 
existence The combination of urea with p-ammo-phenyl-stibmic acid renders 
the resultant compound not only more stable but also more soluble and more readily 
diffusible into the tissues This compound has given excellent results in the 
treatment of kala-azar , it is also sold under the trade name of ‘ Shhurea ’ by the 
Union Drug Company of Calcutta Von Heyden a few years ago- prepared sodium 
meta-chloro-para-acetyl-amino-phenyl stibinate {von Heyden ‘ 471 ’) which was 
tried by Napier in the treatment of kala-azar This compound has proved very 
effective and has been put on the market under the trade name ‘ Stibosan ■’ Other 

( 41 ) 
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therapeutically active compounds which have been introduced NeostanC ir 
Uibamnne glncosidc (Burroughs Wellcome), ‘ ammo-sUhui ca’ (p-amino-phenyl- 
stibimc acid urea glucose), and zmi Hoyden ‘693 ’ (amine salt of p-amino-phenyl- 
stibinic acid) The last named compound has been found by Napier to be the 
most effective and the least toxic of all the organic compounds used in the 
tieatment of kala-azar 

Although most of these compounds have been largely used intravenously in 
the treatment of leishmaniasis no attempt has been made to work out their 
pharmacological action and explain some of the acute symptoms resembling 
‘ nitritoid crises,’ which arc sometimes produced after their intravenous use 
Further, the mode of action of these compounds is not known In the following 
experiments an attempt has been made to investigate these points 

In all our experiments we used healthy cats weighing about 2 to 2^ kilos in 
weight Urethane intramuscuhrty was used as an anaesthetic, a small quantity 
of ether being given whenever necessary The blood pressure was recorded by a 
cannula in the carotid artery, the respirations were recorded by means of a 
tambour connected with the side tube of the tracheal cannula The pressure in 
the pulmonary artery and the venous pressure in the inferior vena cava were 
recorded by a modification of the delicate method described by Jackson and Rapp 
and the volume of different organs by means of oncometers The drugs were 
injected into the femoral vein in doses ranging from 10 mg to 100 mg in 4 per 
cent solutions, but 2 per cent solutions were used in the case of antimony tartrates 
Doses below 50 mg gave slight leactions, doses of 50 mg or more gave marked 
reactions in an animal of average size, while with 100 mg the effects were very 
marked amounting to toxic effect 


Action on CiecuI/ATion 

Graph I, fig (a) shows the effect of intravenous injections of urea-stibaminc 
It will be seen that 25 mg m a cat of average size produce little or no effect 
on the blood pressure or respiration A 100 mg dose (m 4 per cent solution) in 
the same animal is followed by a very large and persistent fall of blood pressure 
specially if the injection is given rapidly The marked fall m the systemic blood 
pressure is a feature of all organic derivatives of antimony, with antimony tar- 
trates the fall IS not nearly as marked even when very large doses are given The 
fall of the systemic pressure is probably partly due to the lessened output of the 
left ventricle and partly to the dilatation of the vessels of some parts of the 
splanchnic area Jackson and Smith have suggested that the initial fall m systemic 
blood pressure is due, m the case of salvarsan, to the alkalinity of the solution 
which irritates the endocardium resulting m temporary weakness and dilatation of 
the heart The hydrogen-ion-concentration of anhmony compounds ranges between 
pH 4 and 7 and ft may be argued that the acidity of the solutions is responsible 
for the large initial fall shown in the accompanying Graph [figs (a) and (b)] 
If this were so, the fall would be more marked with solutions of antimony tartrates 
which are much more acid than those of the other organic compounds, but tins is 
not the case The blood pressure gp^dually recovers and regains its normal level 




Graph II. 
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in quartei of an lioui or moic Fig (b) shows the effect of 100 ing in anothci 
animal, the stoppage of rcspnation has lasted foi even a longer time Fig (c) 
shows the effect of 25 mg of uica-slibaminc m an animal in which the vagi have 
been cut It will be seen that lieic the fall of picssitrc is as marked as with 100 mg 
and the respirations show no preliminary stopjjing but a well maiked stimulation 
Constnction of the bronchi is also noticed 

Graph II, figs (a) and (b) show the effect of 50 mg of ‘ auiino-sliburca’ 
and ‘ siibosan ’ on the heart volume as recorded by a cardiometer It will be 
observed from the rise in the c<iidiometer tracing that the heart is considerably 
dilated, the movements have become veiy weak and the amplitude is markedly 
decreased (This dilatation is very persistent and is due to the great rise in the 
pulmonary pressure which causes the right ventricle to dilate The depressing 
effects on the heart last for a considerable time [fig (b) j but eventually the organ 
may regain its normal force and rhythm Figs (c) and (d) show the record of 
the contraction of ventricles as taken by a Cushney’s m 3 ^ocardiogiaph Sodium 
antimony tartrate and urca-stibamine both produced a well marked and persistent 
depression of tins organ, the force of contraction and the amplitude of the move- 
ments both being decreased The dilatation of the heart is not seen in this 
tracing but the weakening effect on the heart is visible and this corresponds to 
the fall in the systemic pressure Fig (c) shows the effect of perfusion of an 
isolated heart with urea-stibainine and the well marked depression which is pro- 
duced The heart recovers after a time but not entirely when the perfusion is 
stopped 

Pulmonajy and venous piessuic — Graph III shows the effect of large doses 
of the antimony compounds on the systemic and pulmonary blood pressures It 
Will be noted that while the blood pressure in the carotid falls, the pulmonary 
pressure shoivs a considerable and persistent rise Fig (a) shows that m the case 
of sodium antimony tartrate the pulmonary pressure does not rise synchronously 
with die fall of the carotid pressure The rise in the pulmonary pressure comes 
on some time later, and persists till after the carotid pressure has regained its 
normal level Even small do'ses of antimony tartrates, such as 20 to 25 mg pro- 
duce an appreciable rise in the pulmonary pressure Figs (b) and (c) show that 
die pulmonary pressure rises abruptly as soon as tlie carotid pressure falls , it keep'- 
at dns high level for a time and then gradually returns to normal In Fig (d) 
100 mg of ‘ amino-^sUburea ' produces only a slight rise of carotid pressure and 
yet there is a marked rise in the pulmonary pressure Smaller doses of organic 
antimony compounds have similar effects but t]ie rise 'of pressure is correspond- 
ingly less It will be seen that when the pulmonary pressure rises, the excursions 
of the heart and respirations are no longer seen on the curve This appears to 
be due to the fact that when the pulmonary pressure is high, the arterioles in the 
lungs are put on such high tension that regular respiratory movements of the lungs 
are not suffiaent to cause any change m the pulmonary vessels 

These changes are very similar to those desenbed by Jackson and Smith ( 1918) 
in the case of salvarsan The acidity of the solutions may, to some extent, be 
responsible, but there is no doubt that the action of the antimony ion is mainly res- 
ponsible for the rise The pulmonary pressure in the case of antimony componnds 
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rises 100 per cent or more while at the same time a marked fall m the systemic 
pressure is produced This means that while the nght side of the heart is doing 
more than double the amount of its usual work, the left side is doing considerably 
less than its normal amount The blood accumulates in die right side of the heart 
owing to progressively increasing obstruction in the lungs and the right ventricle 
dilates [Graph II, figs (a) and (b)] The pressure m the vena cava remains un- 
changed as long as compensation is maintained When tlie strain on tlie right side 
IS too much and the dilatation is extreme, the systemic pressure falls and tlie venous 
pressure rises We have noted in oui experiments that small doses such as 20 to 
25 mg of the antimony compounds caused an appreciable rise in the pressure in 
the inferior vena cava as recorded by a saline manometer This, however, is 
soon compensated With large doses when the changes in tlie heart and in the 
pulmonary and venous pressure are great and persistent, the heart passes into a 
condition of fibrillation and in some cases the animals die of delirium cordis 

Action on the Abdominae Organs 

Graph IV, figs (a), (h) and (c) show the effect of 100 mg of sodium 
autunony tartrate, stibosan and urea-stibamine on the blood pressure, respiration 
and intestine and limb volumes It will be observed that the effect of the tartrate 
on the blood pressure is not so marked as m tire case of 'stibosan' and ' urCa- 
sHbainine ' The limb volume shows only a slight fall corresponding to the fall 
in the blood pressure The intestinal volume shows a slight preliminary fall 
corresponding to tlie fall m the blood pressure, but this is soon followed by a 
slight but definite rise showing that there is dilatation of the blood vessels in this 
area The peristaltic movements become increased and irregular In figs (d) 
and (e), instead of the intestinal volume, tlie kidney volume has been recorded 
There is well marked decrease m the volume of this organ and the rly'thmic con- 
tractions become more apparent 

Graph V shows the effect of sodium antimony tartrate and a number of 
organic antimony compounds on the spleen volume It will be noticed that in 
the case of all these compounds a dose of 50 mg , which produces little disturbance 
of blood pressure and respiration, produces a well marked increase m the volume 
of the spleen This dilatation of the spleen is not so marked in the case of antimony 
tartrates but even with small doses of the organic compounds the effect is well 
marked and persistent Graph VI, fig (a) shows the effect of repeated injections 
of stibosan, ‘ amino-stiburca' and ‘ w ca-stibaimne ' on the spleen Not only does 
this organ show a tremendous increase in its volume liut the rhythrmc movements 
arc very markedly stimulated Fig (b) shows the record of liver volume It will 
be seen that while the blood pressure has fallen the volume of this organ has con- 
siderably increased 

It IS possible that increase in tlie volume of these organs may be due to a 
specific effect of antimony on the arterioles It will be seen, howev'er, that the 
kidney usually contracts while the spleen and the intestines dilate The cause of 
these variable reactions of the internal organs is not quite clear but if is probable 
that botli central and peripheral influences are at work in producing these reactions 
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Action on Rcsphovtion 

It IS evident from Graphs IV, V and VI that small doses of antimony com- 
pounds produce little or no effect on the respiration while large doses such as 
100 mg produce a well marked effect The respirations become only momentarily 
stimulated when 100 mg of tartrates are given [Graph IV, fig (a)], but when 
similar doses o£ organic compounds ai e injected the effect is very remarkable The 
respirations stop immediately with the fall m blood pressure, then become irregular, 
shallow and jerky and the breathing is transformed from the abdominal type to a 
form in which the mter-costal muscles are chiefly concerned and finally becomes 
altogether thoracic The total stoppage of all movements shows that possibly the 
bronchial muscles are m a state of extreme tonic contraction The respiratory 
changes appear to be due to three factors (o) The depression of the respiratory 
centre from a fall of blood pressure, {h) rise m the pulmonary pressure, and 
(c) contraction of the bronchial muscles If_ very large doses are given both the 
heart and respirations stop simultaneously, this' effect is more marked when tlie 
drug is injected rapidly 

Discussion 

It has been pointed out that the pharmacological action of the organic com- 
pounds of antimony closely resembles that of the organic arsenicals The most 
unporfant feature of the acute symptoms of poisoning following intravenous 
injections of arsphenanune solutions m dogs is the marked and prolonged nse 
of pulmonary pressure We have observed a similar phenomenon in cats after 
injections of the organic derivatives (aromatic) of antimony in use This in it- 
self would account for a part, if not for all the milder toxic symptoms, such as 
faintness, feeling of constriction in the chest, circulatory disturbances, etc , pro- 
duced after injections Cough, which is a common feature after injections of the 
antimony tartrates, occurs very rarely after injections of organic antimony com- 
pounds This cough IS said to be due to the precipitation of antimony oxide m the 
fine capillaries of the lungs and usually starts immediately after the injection and 
ends m vomiting Severe toxic symptoms, such as dysjmoea, cyanosis, marked res- 
piratory disturbances and collapse are much more common after injections of the 
organic antimony compounds when doses larger than the patient can tolerate have 
been given This is amply borne out by our experiments on animals The pheno- 
menon closely resembles the ‘ nitritoid crises ' produced after injections of aromatic 
organic arsenicals and apart from changes m the lung vessels, there remains the 
possibility that it may be associated with severe constriction of the bronchi These 
lung effects in the case of arsphenamine have been said to be due to four factors 

(a) the effect of the drug on the pulmonary arterioles producing contraction, 

(b) the introduction of a large amount of alkaline solution which directly irritates 
the endocardium, (c) the constnction of the bronchi, and (d) pulmonary vascular 
obstruction caused by extensive precipitation of the drug in the fine pulmonary 
vessels 

As regards (a) and (b), these points have been discussed by Jackson and 
Smith (1918) and later by Snuth (1920) and Jackson and Rapp (1920) We 
have shown that all the antimony compounds are acid m reaction but this is not an 
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important factor in producing a fall in the systemic blood pressure As regards 
(c) It IS seen from our tracings that after a preliminary stoppage of movement 
there is well marked spasmodic constriction of the bronchi 

The vascular obstruction caused by extensive precipitation in the lungs of 
antimonial compounds is now undei investigation This view has been supported 
by the fact that if the same compounds are injected into one of the portal veins, 
the effects ordinarily produced do not occur and it is thought that precipitation 
now occurs in the liver capillaries and not in the lungs 

The rise of pulmonary blood pressure and other phenomena described occur 
in man tq a greater or lesser extent, according to dosage and idiosyncrasy as 
shown by the climcal symptoms Dr J C Gupta noted in one of his cases tha: 
severe haemoptysis followed an injection of 10 cc of a 2 per cent solution of 
sodium antimony tartrate 

Liver and spleen — It seems probable that the dilatation of these two organs 
after injections of solutions of antimony compounds is an important factor in the 
curative effects of these compounds It has been recently shown that the spleen 
acts as a coaise filter to remove micro-organisms from the blood stream Those 
which It cannot destroy It sends to the liver to be dealt with there It is also well 
known that the spleen often becomes a habitat for bacteria and protozoa whicli it 
IS unable to destroy completely or send to the liver and consequently it increases 
to a large size in infections such as malaria, leishmaniasis, etc The influx of a 
large amount of blood charged with antimony into these organs probably helps 
m the destruction of the organisms lying therein The tartrates produce these 
changes to a lesser degree and possibly this accounts for their lower curative 
effect That engorgement with blood in these organs does occur in man can be 
demonstrated by the fact that aftei injection of antimonials most of the patients 
complain of a feeling of discomfort and fullness in the region of the spleen and 
liver Recent work has shown that as much as 20 per cent of blood volume in Iht 
dog can be temporarily stored in the spleen 

Beside the destruction of protozoa and bacteria the detoxication of chemical 
substances is one of the most important functions of the liver It is well known 
that in very acute toxic conditions whether chemical or bacterial, the liver may 
undergo acute fatty degeneration in 24 to 48 hours Toxic substances reaching 
the liver through tlie portal circulation may produce portal cirrhosis, and toxic 
substances reaching through the bile channels produce jaundice and enlargement 
This has an important practical bearing as marked symptoms of liver disturbances 
frequently occur, after injections of antimony compounds In fact, in a majority 
of the cases who have taken a course of injections of tliese compounds a mild 
type of jaundice 2 to 3 weeks after the course is quite a common occurrence The 
effect of tlie antimonials on the liver, however, is not so severe as those of the 
arseno-benzol compounds 


Summary and Conclusions 

1 All the organic compounds of antimony produce a fall m the systemic 
blood pressure after intravenous injections This fall is easily compensated for 
when small doses are injected but if large doses are given and specially if given 
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rapidly, the iall is pronounced and kislmg 'I'hc Idood piessure soon regains its 
normal level unless vciy laigc doses have been injected 

2 The fall in the syslcmtt piessuie is due partly to the lessened output 
of the left ventricle and jiartly to dilatation of the splaiiehnic vessels The acidity 
of the solutions is not an important factor in producing the fall 

3 The cardiomcter shows that the hcait is considerably dilated and both 
the force and the amplitude of the contractions aic decreased This weakening of 
the beats is also shown by tiic myocardiograph and in records of the contraction-^ 
of the isolated heart 

4 The pressure m the inilmonar) arteiy and also in the inferior vena cava 
rises With small doses, given slowK, the rise is small and is immediately com- 
pensated for With larger doses, gnen rapidly, the pulmonary pressure increase^ 
100 per cent or more and persists at that level for some tunc This rise is due 
to progressively incicasing obstruction m the lungs which causes the right heait 
at first to do more work and then to dilate when the strain is beyond its power 
At this time the systemic piessurc has fallen and the \cnous pressure rises 

5 The blood \cssels of the intestines, liver and spleen dilate, the kidney 
shows slight contraction, and the limb also slightly deci cases m volume 

6 The increase in the size of the spleen and liver aftei injections is very 
remarkaible, the rhythmic movements of the spleen aie increased The influx of 
a large amount of blood into these organs is probably an important factor m the 
curative effect of these compounds 

7 The respiration is only slightly stimulated even with large doses of the 
tartrates but with large doses of the organic comjiotinds it stops immediately with 
the fall m blood pressure Respiration becomes irregular, shallow and jerky 
and clianges from the abdominal type to a thoracic type When large doses 
are rapidly given both the heail and respiration may stop simultaneously 

8 The circulatory changes m the pulmonary, systemic and venous systems 
and the changes m the circulation of the spleen, liver, etc , account for all the milde» 
toxic symptoms such as faintness, feeling of constriction m the diest, cough, feel- 
ing of fulness m the region of spleen and liver, etc The severe toxic symptoms 
such as dyspncea, cyanosis, marked respiratory disturbances resembling ‘ nitroid 
crises are associated with extreme changes m the pulmonary pressure as well 
as contraction of the bronchi 

I am very grateful to Dr L E Napier for his advice and for supplying me 
wi 1 specimens of different organic antimonials and to Drs J C Gupta, J C 

avid and K Venkatachalam for their help m the experimental part of this 
research 


^^1926^’ ^ ^ CnopRA, R N 
Chopra, R n (1926) 
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Psoralta coryhfoha Lmn , is a common herbaceous weed belonging to the 
natural order leguminosae which grows throughout the whole length and breadth 
of the plains of India It is called Bukcht or Bahchi in Hindi, Latakastun or 
Bavacht in Bengali and Sngnndha Kantak, and VakneJn in Sanskrit The seeds 
of this plant have been in! use in Hindu medicine for a long time They are 
brownish black in colour and are about 2 mm long and are oblong and flattened 
They are hard but not brittle, have a soft skin, an agreeable aromatic odour and a 
pungent bittensh taste No oil can be expressed from the seeds even under high 
pressure A very good quality of bukchi plant grows m Rajputana and the 
seeds can be bought m the market at Rs 15 to Rs 20 per maund 

The seeds have been described by the ancient Hindu physicians as ‘ hot and 
dry ’ and according to some ‘ cold and dry, lentive, fragrant, stimulant and aphro- 
disiac ’ They have been specially recommended in leprosy internally and are 
also applied in the form of paste or ointment externally The drug has been 
considered to be so efficacious in this disease that it was given the name of 
Kushtanasini (leprosy destroyer) In inflammatory diseases of the skin, leuco- 
derma and psoriasis it is given both as a local application and by the mouth 

( 49 ) 
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Psoiaha ConjUfoUa {Bahchi) 

The seeds are also used as an antlielmmtic, diuretic and diaphoretic in febrile 
conditions Several species of Psoraha grow in America and are used medi- 
cinally m that country as a stimulant and as a nervous tome 

ChEmis'^ry 

Dymock m his ‘ Pharmacographia Indica ’ states that baheJu seeds contain a 
colourless oil, extractive matter 13 5 per cent, albumin, sugar, ash 7 5 per cent and ^ 
^a trace of manganese Very little work was done on this drug until recently, when 
Sen, 'Chatterjee and Datta made a thorough examination of the seeds ' These 
authors found that the seeds contain (1) an unsapomfiable oil having the formula 
CivHojO boiling between 180° and 190°C at 11 to 15 mm , (2) a yellow acid 
substance C^qHioOio from alcoholic extract, (3) a methyl glucoside having a 
melting point of 105° to 107° C containing four (OH) groups They found the 
crrrsccporirdea’ arf fo be phamracofogTcaAV active and they used it wit/i success iii 
cases of leucoderma and psoriasis They did not, however, study the essential oi! 
present in the seedix, which vas associated with their unsapomfiable oil Our 
investigations are chiefly on the essential oil present m the seeds and we found it to 
be mainly responsible for the pharmacological and therapeutic action of the drug 
Prclvmnary Examination — 

(a) Microsublimation — no definite sublimate was obtained 

{b) Extraction with warm water — presence of tannins, gums, sugar, poly-sacchande 
or glucoside was indicated, by Fehlmg's solution 

(c) Extraction with cold acidulated water — faint alkaloidal reaction was obtained 

(d) Extraction with solvents — 25 grams of powdered seeds (No 60- powder) were 

extracted successively with the following solvents — 



Grams 

Per cent 

Petroleum ether (B P 50°) 

4 14 

16 56 

Ether 

2 14 

8 56 

Chloroform 

0 54 

2 16 

Ethyl acetate 

0 22 

0 88 

Alcohol 

0 61 

2 44 


Sysleniahc Eramination — 

I Extraction with petroleum ether — 

One kilogram of powdered seeds was repeatedly extracted with petroleum ether 
(B P 50°) until exhausted The extract was concentrated to a small bulk and kept in a cold 
place for a week, when a crystalline deposit was obtained The mother liquor was decanted 
off and the cr 3 stals were washed with petroleum (^thcr, in Avhich they were sparingly soluble, 
they were found to be needle shaped The substance was of bitter taste, insoluble in water 
It was shghtl> soluble in ammonium carbonate, fairly soluble m hot sodium carbonate solution 
and soluble in hot 10 per cent caustic soda soluti( 3 n, from which most of it was precipitated 
on acidif>ing It was fairl> soluble in ether aiid very soluble m absolute alcohol The 
crystals obtained from ether melt at about 135°C The substance was probably a resin acid 
The mother liquor after separation of the Crystals was diluted with twice its bulk of 
ptlrolcum ether and repeatedly shaken with 1 0 per cent sulphuric acid The acid extract 
was made alkaline with sodium carbonate and shaken with petroleum ether The solvent 
was c\aporatcd and the residue was taken up by dilute hydrochloric acid It gave a precipitate 
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with Meyer’s solution and other alkaloulal reagents, indicating that traces of an alkaloid may 
be present The acid extract docs not reduce Fchling’s solution both hydrolysed and 
unliydrolyscd 

The petrol ether extract was then washed with water and dried with anhydrous sodium 
sulphate, filtered and the solvent evaporated I'o it 90 per cent alcohol was added and shaken 
well, when the liquid stood in two layers This process was repeated thrice when the 
alcoholic extracts were all collected together, evaporated to dryness, and then distilled in steam 
An essential oil having the distinct smell of the seeds distilled over, this was collected and 
identified separately, as described below 

The residue after steam distillation was a red coloured oily substance which was composed , 
mainly of resins 

The dark coloured liquid obtained after separation with 90 per cent alcohol, being mostly 
fat and fatty oil, was saponified with alcoholic potash When the saponification was complete 
It was poured into four times its volume of water and the mixture was repeatedly shaken 
with ether The ethereal solution was washed with water, dried and the solvent evaporated 
The unsaponified product was a brown oil haviing a sweet odour 10 723 grm df the oil 
gave 0 393 grm unsaponified product 

The soap solution was then acidified with dilute hydrochloric ac^d, when the fatty acids 
separated It was washed with hot water, on cooling to ordii iry temperature it solidified 
The fatty acids were not further studied 

II The residue after extraction with pctro-cthcr was freed from the solvent and was 
repeatedly extracted with ether 

A concentrated solution of the ethereal extract docs not precipitate anything on keeping 
undisturbed for about a week It was tested in small portions as follows — 

(a) Shaken with I per cent sulphuric acid, the acid extract was tested with Meyer’s 

- reagent, giving no alkaloidal reaction 

(b) Shaken with w^atcr and tTic watery solution was tested with (t) FeCU — giving 

bluish green colour of tannins (ii) Naphthol and HjSO^ — gave no carbo- 
hydrate reaction (in) Fchhng’s solution — w^as not reduced by both hydrolysed 
and unhydrolysed solution 

(c) Treated with 90 per cent alcohol, but no separation was effected On diluting 

the alcohol almost the whole of the substance was precipitated 

(d) A small portion was shaken with KOH solution wathout any definite separation 


As no other bodies could be separated, the whole of the extract after driving off the 
solvent was washed with water, dried and weighed as resin It was a deep coloured oily 
substance and did not solidify on standing Its weight was 91 gm It was purified by 
dissolving in alcohol and pouring into a large bulk of water and then dried 20 per cent solution 
of the purified resin was supplied to the out-patients department for skin diseases and was 
found to have no action 


III The residue after extraction with ether, having been freed from the solvent, wa^ 
exhaustnely extracted with absolute alcohol On concentration and keeping, nothing 
separated from the alcoholic extract 

On distilling off the solvent from the extract, it was shaken repeatedly with water The 
watery extract was tested for alkaloid and was found to be negative, it reduced Fehlmg’s 
solution on hydrolysis while it slightly reduced unhydrolysed solution 

The whole of the watery extract was precipitated with neutral lead acetate The 
precipitate ^vas suspended m water and decomposed by H,S The filtrate was tested with 
Jrnc chloride, when a deep blue precipitate was obtained, indicating the presence of tannins 
Ihe filtrate was precipitated with basic lead acetate, when a yellow precipitate was obtained 
It was washed with water, dried, suspended in alcohol and decomposed by HaS The residue 
on evaporation was a small amount of yellow semi-solid body, which did not reduce Fehlini^’s 
solution but reduced the same on hydrolysis with acid It was probably the glucosiL 
obtained by Sen, Chatterjee and Datta, previously described ^ 
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No definite body could be isolated from the filtrate from basic lead acetate 

The alcoholic residue after extraction with water solidified to a reddish brown powder 
It was soluble in alkalies and was precipitated by acids It was mainly phlobaphcncs, 
weighing 29 grams 

rV The residue after extraction with alcohol was extracted with water From the 
watery extract, tannins were separated by neutral lead acetate and the filtrate was precipitated 
by basic lead acetate The precipitate on decomposition by HjS, was found to be the -same 
product, of glucoside nature, as that obtained from the alcoholic extract 

BxamviaUon of the essential oil — 

As the quantity of essential oil obtained by the above preliminary examination was 
very small, 3 kilos of crushed seeds were distilled in steam and the distillate collected The 
distillate was saturated with common salt, when most of the oil floated at the top, and 
repeatedly extracted with ether The ethereal extracts were collected and dried with anhydrous 
sodium sulphate On slowly evaporating the solvent a straw-coloured essential oil having the 
characteristic odour of the seeds was obtained, the yield being 0 05 per cent 

Density of the oil — The specific gravity of the essential oil was determined by the 
pycnometer and was found to be 0 9072, at 25 °C 

Refractive mdev — The imicx of refraction of the essential oil was determined, by an 
Abbe refractometer at 25® C and was found to be 1 5025 

Solubility — The solubility of the essential oil was determined by adding 0 079 grm oil 
in 400 c c water, shaking it from time to time and allowing the mixture to stand overnight 
Next day, it was cooled to 25°C and the clear liquid was drawn out filtered and collected up to 
250 cc It was shaken repeatedly with ether The ethereal extract was taken into a tared 
glass basin, the solvent evaporated and the residue was dried in a desiccator The solubility 
was found to be 0 0197 per cent or about 1 m 5,000 

Optical rotation — A 2 per cent solution of the oil m chloroform showed no angular 
rotation m a Laurent i>olarimeter 

The essential oil when stored in a sealed tube kept for a considerable period, the colour, 
however, gradually turned to deep brown, but when placed m a desiccator over calcium 
chloride or exposed to air, it crystallised in needles, probably due to oxidation of some of its 
constituents The crystals had a sharp cooling taste It melted sharply at 126° C If the 
temperature was further raised to 330° C , it slowly turned black, showing the decomposition 
of the substance at a high temperature, without boiling at ordinary pressure On cooling it 
was found that a well-defined needle-shaped crystalline sublimate had deposited on the 
cooler parts As the quantity of the essential oil at our disposal was very small, it could, not 
be fractionated in vacuo to study its constituents 

Preparation of the Oleo-resinous er tract — 1 lb of the powdered seed was thoroughly 
mixed with 1 lb of olive oil and the mixture was kept overnight Next day, it was transferred 
into a tincture press and the oil expressed About half a pound of oil was collected and filtered 
through cotton-wool The oil might be diluted with fresh olive oil according to requirements 


Th^ Pharmacological Action of thl Essential Oil 

Externally The oil has an irritant effect on the skin and mucous membrane. 
Its action on undifferentiated protoplasm such as paramoecium is quite marked 
In 1 in 50,000 dilutions of the essential oil, the paramoecia remain alive and 
acbve for 15 minutes, after 25 minutes movements were somewhat slowed and 
some died in 40 to 45 minutes In 1 in 10,000 concentration these organisms arc 
killed in 10 minutes The essential oil shows a selective activity against the skm 
streptococci and that in all probability accounts for its extensive use by the Hindu 
physicians m skm affections The following table gives the relative effects of 
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1 0 per cent phenol and different dilutions of the babcfn essential oil on the skin 
streptococci — 



Time m trnnutes 

1 


i 

2J 

1 

5 

n 

10 

Phenol, 1 0 per cent 

— 

1 j 

1 

\ 

— 

Saturated solutson of essential oil 

+ 

— I 



Dilution 1 in 10,000 | 

+ 

+ 

+ 

— 

„ 1 in 25,000 

+ 

+ 

+ 

+ 

„ 1 m 50,000 

+ 

+ 

i 

+ 

+ 


Saturated watery solution of the essential oil of babcht, solubility 1 in 5,000 — no growth , 

+ growth 


Dilutions of 1 m 10,000 kill skin streptococa in 10 minutes Against 
B typhosus (Calcutta strain) the essential oil has no activity at all and there was 
growth of these bacilli in all concentrations We also tried the effect of the 
essential oil on the cholera vibrio and B dysentena: (Flexner) with results 
similar to those obtained witli B typhosus 

On voluntary muscle, the essental oil m high dilutions (1 in 50,000 to 
100,000) has a distinct stimulant action The tone of the isolated uterus of t^e 
guinea-pig or cat is deadedly increased and the uterus may show a tonic contrac- 
tion Perfused, isolated pieces of intestine are similarly affected and the peristal- 
tic movements are increased Saturated solutions of the oil injected intravenousl> 
have no effect on the blood pressure The isolated mammalian heart shows 
neither stimulation nor depression On perfusion with 1 in 5,000 solution of the 
oil there is well marked contraction of the artenoles m a frog The respiration 
IS not affected 


Theeapcutic Uses oe Psoraha coryhfoha 

P SO) aha coryhfoha seeds are a very anaent remedy for leucoderma, they 
ave been tried extensively not only by the pracbtioners of the old Hindu medicine ^ 
ut by members of our own profession Kanny Call Dey strongly recommended 
an oleo-resmous extract and he desenbes the' effects as follows — 

‘ After application for seme days the white patches appear to become red or 
vascular, sometunes a slightly painful sensation is felt Occasionally small 
vesicles or pimples appear and if these be allowed to remain undisturbed, they 
ry up, leaving a dark spot of pigmentary matter, which forms as it were a 

patch, pigmentaiy 

thf» ^^adually develop, which ultimately coalesce with each otlier, and thus 

di^ppears It is also remarkable that the appearance of fresh 
p tches IS arrested by its appheabon.’ 
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Other observers have not obtained such good results 

Lieut -Col H W Acton, i m s , in-charge of the Skin Outpatient Department, 
kindly tested a numbci of preparations n.adc from Psoraha corylifoha seeds in 
various skin affections 1 in 10,000 to 1 in 20,000 solutions of the pure essential 
oil was tried in some cases of acute streptococcal dermatitis but unfortunately it 
set up much irritation and made the condition worse A 20 per cent solution of 
the purified rc^in in alcohol was quite ineffective in leucoderma A 1 0 per cent 
solution of the essential oil in alcohol was also unsatisfactory The oleoginous 
extract made from the seeds already described was the most suitable preparation , 
this contains most of the essential oil present m the seeds This oil was applied 
locally to leucodermic patches by gentle rubbing once or twice daily Cases of 
leuocodeima m the Skin Department of the Calcutta School of Tropical Medicine 
arc divided into two groups — 

I The primary group — i e , those not associated with any other skin dis- 
ease These are sub-divided into those of syphilitic origin and those of non- 
specific origin These are further divided into those showing B histolytica and 
other affections of the gastro-intestinal tract and those which are free from it 

II The secondary group — includes cases which are associated with other 
diseases of the skin such as ringworm, seborrhoeic dermatitis, etc The oleo- 
resinous extract was tried in 600 cases of leucoderma of both groups but ib 
beneficial effects were noticed only in the non-syphihtic group In the syphilitic 
cases It had no effect, because here in all probability the melanoblasts are killed, as 
they are not visible m the histologcal preparations 

The effect of the essential oil is purely local The Hindu physicians give 
the powdered habeJn seeds by the mouth, but we have not tried these in leuco- 
derma The beneficial effects may be due to — (1) absorption and excretion of 
the oil through the skin when it produces its specific action, (2) the stimulant action 
on the jntestinal mucosa which may cause increased absorption of ammo-acidj 
concerned in pigment formation, or ^(3) antiseptic action in the gastro-intestinal 
tract, but this is not borne out by our experiments Our observations show 
that the effect of the essential oil is purely local and therefore any existing con- 
current affections of the gut such as infection with P histolytica should he 
treated at the same time The action of the oil on the skin appears to be specific 
Krogh has demonstrated tliat Rouget’s cells he round the capillaries The 
endothelium of the capillaries by itself has no contractile power and any increase 
or diminution in the size of these vessels is brought about through the agency of 
the processes of Rouget’s cells In the skin the melanoblasts or pigment pro- 
ducing cells he m the vicinity of Rouget’s cells When the capillaries dilate 
Rouget’s cells also increase in size and the melanoblasts relax at the same time 
During relaxation of the melanoblasts their processes are extended and thev 
exude the pigment melanin The mam action of the essential oil appears to be 
on the arterioles in the sub-capillary plexuses causing dilatation and increase of 
plasma in this area so that the skin becomes red and the melanoblasts are stimulated 
The action on the capillaries in the papillie is usually very ^slight in most indivi- 
duals so that there is no oedema of the prickle cells layer (poro-keratosis) and 
there is no desquamation of the epithelium 
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The essential oil, however, varies enormously m its effects on different 
persons With the majority (95 ])er cent) it causes only redness of the leuco- 
dermic patches but m a small number (5 per cent) there is exliemc sensitiveness 
,to the oil, so much so that blisteiing may be produced This indicates that not 
only IS dilatation of the blood vessels produced but at the same time the per- 
meability of the capillary tufts is markedly increased so that fluid accumulates 
and blisters form between the prickle cells and the capillary layer of the skin In 
yet another class of cases blistering only occurs after the application of the oil if 
the skin is exposed to the diiect rays of the sun The strength of the oil should 
therefore be varied in such a way as not to allow its action to go beyond the state 
of redness of the leucodermic patches The oil being an essential oil, and there- 
fore volatile, IS able to permeate through the epidermis to the prickle cells of the 
Ijnnphatics and so find its way to the sub-capillary area and stimulate the cells 
situated there The advantage of this oil over the other skin irritants (com- 
pounds of mercury, salicylic acid, etc ), is that it does not produce desquamation 
or any change of keratolytic nature resulting m loss of pigment of the epidermis 
So far as is known hahcln is-the only drug that has a dual action, i e , action on 
both Rouget’s cells and the melanoblastic cells of the skin This specific action 
of the oil can be readily demonstrated on the frog’s skin under a microscope 
In leucoderma the melanoblastic cells are not functioning properly and their 
stimulation by the oil leads them to form and exude pigment which gradually 
diffuses into the decolorised areas 

Summary and Conclusions 

(1) The active principle of the seeds of Psoraha coryhfoha (babchi) is 
an essential oil A fixed oil and a resin occur in large quantities but these are 
not pharmacologically active substances Traces of a substance of alkaloidal 
nature are also present 

(2) The essential oil has a powerful effect against the skin streptococci 
It has a specific effect on the arterioles of the sub-capillary plexuses, these it 
dilates so that m this area plasma is increased The skin becomes red, the 
melanoblasts are stimulated leading to pigment formation This pigment i“> 
exuded and diffuses into the decolorised leucodermic patches 

(3) Local applications of the oleo-resinous extracts made from the seeds 
are beneficial m the treatment of cases of leucoderma of non-syphihtic origin 
If affections of the gastro-intestinal tract such as H histolytica infections, etc , 
are present, these should be treated at the same time 

We are greatly indebted to Lt -Col H W Acton, i m s , Dr S Ghosh and 

Dr K P Bannerjee for the valuable help rendered by them in the course of this 
research 
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Thb commonest drug addictions in India are alcohol, opium, cannabis ind’ca 
and cocaine The opium habit is the oldest of all the drug habits in this country , 
it IS very prevalent in certain parts, and among certain classes of the population 
Opium, the inspissated juice of the poppy, appears to have been introduced into 
India by the Mohammedan invaders, and it was Emperor Akbar who first made a 
State monopoly of the opium trade It is difficult to say to what extent opium 
addiction was prevalent in the time of the Moghuls, but it is said that at one time 
most of the nobility were indulging freely in the habit A large amount of opium 
was produced and some must have been exported It is said that when the 
Portugese first entered the China seas in the 16th century, they found opium 
an important article of trade carried on by Indian and Arab merchants During 
the 17th century, Dutch, English, French and Danish merchants purchased 
large quantities of opium in India from the Moghul Government for export 
After the fall of the Moghul Empire, the State lost its hold on the monopoly, 
and the control of the production and sale of opium was appropriated by a 
ring of iPatna- merchants AVhen the East India Company assumed the res- 
ponsibility for the collection of the revenue m Bengal and Behar, some of its 
officers took the control of the opium into their own hands and monopolised 

( 57 ) 
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its irade for then private benefit Wiien Warren Hastings was appointed 
Governor-General, he was authorised to organise a piopei system of Govern 
inent and he brought the whole monopoly of opium trade under the control of 
tlic Government Since then, though changes have been made in the method of 
control, in pioduction, distribution, sale and possession oj opium, the monopoly 
has Iiecn solely in the hands of the Government 

'I'here has always existed in other countries opposition against the Indian 
opium trade Owing to the activities m England of the Society for the Suppres- 
sion of the Opium Trade, a Royal Commission was appointed m 1893 to inquire 
into all the circumstances connected with the production and sale of Indian opium 
'I'he labours of this Commission icsulted m the publication of its report m seven 
volumes After considering the question of consumption of opium in India, 
the Commission came to the conclusion that opium was a common domestic 
medicine and afforded protection and cuie against malaria and other fevers The 
habit scarcely existed as a vice, for centuries of inherited experience had taught 
the Indian discretion m the use of this drug, and the great majoiity of the opium 
caters m India weie not slaves to the habit, foi they could give up the use of it 
when it was no longei necessary The Commission was of opinion that the habit 
had no dcletciious elTect either morally or physically, for hard work, energy and 
thrift existed side by side with the eating of opium, that the habit was generally 
indulged in after the age of 40 and it was often considered a boon in old age 
The fear of the spread of the habit fiom India and China to other parts of 
the world had aioused an international interest in opium and this eventually 
resulted m the institution of an International Opium Commission in 1909 at 
Shanghai, and the piesent policy of restiiction of the Government of India dates 
back from the findings of this Commission O'he Government of India accepted 
cordially the principles laid down by this Commission, namely, the necessity ter 
the gradual siqipression of opium smoking and the advisability of either prohibiting 
or regulating carefully the u^e of opium for any olliei purpose than medicinal 
It IS beyond the scope of this pa])ei to go into the various international discussions 
that took place at the Hague Convention of 1912 or the 1st and the 2nd Opium 
Conferences at Geneva in 1924 about the effects of addiction to all narcotic 
drugs It will suffice here to say that as a result of these international conventions 
and conferences, considerable interest has been aroused in India and other countries 
on this question and vaiioiis contradictory views have been expresed from time to 
time ~- 

In a discussion at the Royal Societv of Medicine, London (1924), on drug 
addiction in the tropics, some authorities with considerable Indian exjierience 
thought that the opium habit did no harm but lhat it conferred certain beneficial 
effects on those ulio took it in small quantities It was urged by others that the 
drug was considerably abused in India, and was doing a great deal of harin^ The 
offfcial opinion rvas also divided on this subject On the one hand the ill effects 
of this habit were considered to be not immediate but to lead to dullness, want of ^ 
enterprise, carelessness of appearance, and general w^cakness of character Tlic 
addicts became extravagant and fond of gambling and got into debt The spread 
of the habit waas having a low'cring effect on the general morality of the people 
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On the other hand it has been stated that as a vice it scarcely exists in India as 
it IS only taken in model ation by the average Indian ' Opium is only eaten as a 
mild stimulant, as a prophylactic against malaria, or for the relief oi pairf in 
various diseases It is, in fact, a household remedy for all painful diseases and 
IS prescribed by tliem after centuries of cxpeiience 

Most of the views about the harmlessuess of the opium habit are based on the 
findings of the Royal Commission of 1895 No inquiry on scientific lines has 
been instituted since then though conditions have changed ‘considerably, and 
medical aid has been increased Recently the National Christian Council and the 
Indian National Congress have made inquiries chiefly from social and economic 
considerations and have shown that the habit is very prevalent m certain parts 
of India and is doing considerable harm The League of Nations laid down 
that tlie legitimate consumption of opium in a country which has a developed 
medical service should not exceed 6 seers or 12 pounds per 10,000 of the popu- 
lation per annum It has been shown that the average for the whole of India is 
12 seers, i e , double the standard laid down by the League It is, however, said 
that there is no such universal extension of opium haliit in India as to cause 
alarm The reason of the higher consumption is that there is a most startling 
disparity m the amount consumed in different parts of the country In the 
Punjab, for instance, though the consumption rate per 10,000 is 11 9 seers it is 
found that in some districts of that province (e g , Ferozepur, Ludhiana, Lahore, 
etc), the consumption vanes from 40 to 60 seers while m others (eg, Jhelum), 
it IS less than 3 seers In Bengal the average is 8 seers, but m Calcutta it is 
143 6 seers, in Assam it is 52 seers, m Behar and Orissa 8 seers These figures 
do not include the opium which is undoubtedly smuggled into these areas 

These figures show that there is abuse of opium m certain parts of the country 
and among certain classes It cannot be acceded that opium is necessary as a 
household medicine 

The National Christian Council strongly supported the plea of the League 
of Nations for restricting the use of opium to purely medical and scientific 
needs, le, roughly 15 grams per head per annum or 6 seers per 10,000 of 
population per annum During the discussion m the Legislative Assembly 
last year it was shown that m many districts m certain provinces where efficient 
medical aid was available there was a high consumption of opium It will, 
therefore, be seen that there is a great deal of difference of opinion on this 
point and an inquiry on scientific lines at this stage would be very advantageous to 
collect all the available facts We are greatly indebted to the Governing Body ot 

the Indian Research Fund Association for placing funds at our disposal to carrv 
out this inquiry 


The inquiry we are conducting consists of — 

1 Collection of statistics from all the available sources about the produc- 
tion and sale of opium and determining by work in the field, the extent to whmb 
us drug habit is prei^ent among tlie population 

^ Collection of a large number of cases of addiction with a view to determine 

n.orreffeci?SX“‘‘’ 



60 


Opium Hahit in India 


3 Inquiry into the pathological changes produced by examination of post- 
mortem records and by experiments on animals A perusal of the literature 
shows that little work has been done m this direction 

4 The treatment and the cure of the habit 

As the inquiry is a very difficult and extensive one we have started work oii 
class lines and have first taken up the study of the opium habit in the Sikh 
community, as it is very prevalent amongst them We have further sub-divided 
the Sikhs into those following vocations bringing in good income, e g , taxi- 
drivers in Calcutta, those living in rural areas, those serving m the army, and 
those belonging to the higher and middle classes This paper embodies the results 
of our work among the Sikh population of Calcutta We have collected a senes 
of one hundred cases among this community and have carefully gathered and 
recorded all available information concerning the family history, personal history 
of the addict and the age at which the habit was started We went into the 
causes which lead to the formation of the habit, the dose with which the start 
was made, any increase in the dosage, the duration of the habit, the symptoms 
produced after taking the drugs and the symptoms of abstention We further 
inquired whether the habit conferred any protection against any disease and 
obtained information about the immediate and remote physical, mental and moral 
effects that nught be produced by it and the addict’s own verdict on his habit, that 
is, whether he considered it beneficial or otherwise This could only be done by 
gaming the confidence of the persons concerned and this we were fortunate 
enough to do through the kindness of one of the popular Sikh practitioners of 
Calcutta whose practice mainly lies among that community He obtained for u* 
the names of the persons who indulged in the habit in the Sikh community, and 
enabled us to get in touch with them It may be stated here that the majonty of 
the Sikhs in Calcutta are engaged in taxi driving, or as ' durwans ’ or watchmen 
or as artisans Our conclusions therefore mainly apply to these classes 

Before analysing our data it will not be out of place to say a few words as to 
how opium IS taken in this country It is generally eaten in the form of pills 
and in some parts it is dissolved in water or a decoction is made with tea In 
some districts in the Punjab an aqueous extract of poppy capsules is used The 
capsules are soaked overnight and in the morning are mashed with hand into a 
fine pulp so as to dissolve the alkaloids present , the fluid part is separated from 
the mash and is drunk Others make a tea-like decoction from the poppy 
capsules The capsules used for this purpose are those from which opium has 
not been extracted but even so the amount of alkaloids present is very small and 
the effects produced are very mild m character 

Opium smoking, which is the common form of consumption in other Eastern 
countnes, is said to be very uncommon in India That it does exist among 
certain classes is evident from the fact that the word ‘ Chandubaz ’ — opium 
smoker — is well-known and in some of the Hindusthani books lery detailed 
description has been gnen of this habit In most parts of India this is a verj 
uncommon method of consumption but investigations of the National Christian 
Council and the Indian National Congress sho\v- that m Assam opium smoking 
IS almost as common as opium eating and it is estimated that from one-third to 
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half of the addicts in that province smoke this drug We will not enter into 
discussion as to which method is more injurious, dpium smoking or opium eating 
Much has been said on either side but no proper inquiry has been made and we 
hope to take it up later In the present senes of cases the«.driig was eaten 

Causation — A perusal of ^'able A I shows that 58 per cent of the habitues 
acquired the habit from association with other habitues, and 30 per cent from the 
use of the dnig for some disease or ailment for which no medical advice was 
sought by them Only 4 per cent of these started taking it under the advice of a 
physician so that medical dispensing does not play any appreciable part in inducing 
the habit in India as it appears to do in European countries Fatigue, worry 
dissipation and old age play a minor-' part in this series It is also clear from the 
table that when the habit is acquired by association, the daily amount consumed 
increases rapidly, the majority taking over 10 grams a day When the habit is 
formed from other causes, e g , pain, etc , the addict, as a rule, remains satisfied 
with a smaller dose 

Two cases m this series are worthy of note as being peculiar and of special 
interest One man was partaking of opiated tea for a long time with a friend 
of his without knowing anything about it This friend went away for a day and 
although he took the ordinary lea be felt miserable He soon discovered the 
reason and since that time be has continued taking opium and has not been able to 
get rid of the habit The other is the case of a demobilised sepoy who, while on 
active service dunng the great war, was entrusted with a quantity of opium to be 
taken to a friend at the front He was unable to accomplish his mission and 
instead of throwing away the opium he thought be might try it on himself and 
' has taken it ever since 

Occupation — It will be seen from Table A II that the addicts follow different 
vocations The majority are engaged in driving motor cars, especially taxi cars, 
which ply for hire These individuals have not only long hours of work, but are 
exposed to all sorts, of climatic conditions They get plenty of leisure in the 
intervals between fares, they congregate together and they are very well off 
financially for that class of individuals All these facts probably account for 
their indulging in the habit to a greater extent, 54 per cent of our cases were 
motor and taxi drivers The next biggest niunber, i e , 23 per cent, is amongst the 
‘ durwans ’ or watchmen who lead an uneventful life of dullness and monoton) 
Among the artisan and other classes, the habit appears to be comparatively less 
prevalent It will also be noted in this connection that the motor drivers on the 
whole have a tendency to consume larger quantities, the majority of them taking 
over 10 grains a day 

Duration — A perusal of Table A III will give an idea about the^duration oi 
the opium habit among this series In 14 per cent of our cases the habit continued 
for under one year, m 29 per cent for 1 to 5 years, in 22 per cent for 6 to 
10 years, and m 35 per cent for over 10 years This table brings out the interest- 
ing fact that m 57 per cent of the cases the habit once acquired continued "for 
ong periods, and one is justified in inferring that once the habit is established it 
IS difficult to get rid of It will also be seen that those in whom the habit has 
lasted longer show a tendency to a bigger dosage". 
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TablS B 

Age of comuieucemcnt of the habit 
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jige — A perusal of Table A IV shows that only 2 per cent of the addicts 
were under 20 years of age, 86 per cent were from 21 to 50 years old and 
12 per cent over 50 years old 

A reference to Table B reveals the interesting fact that in 81 per cent of this 
series the habit started before the age of 35 A detailed examination of the table 
shows that in 21 per cent a start was made under 20 years of age, m 46 per cent 
between the ages of 21 and 30 years, m 18 per cent between the ages of 31 and 
40 years, in 11 per qentJiehveen the ages of 41 and 50 years and only m 4 per cent 
over the age of 50 years It is obvious from both these tables tliat the idea that 
the habit is started m India in the majdnty of cases after the age of 40 years 
and which was supported by the findings of the Royal Commission of 1895 is not 
borne out in this series It will also be seen here that many of the younger 
addicts show a tendency towards taking larger doses than those who acquire the 
habit in later life who remain satisfied with comparatively smaller doses 

Heredity and Association — Table C shows that in 41 per cent of the cas;s 
the habit existed in some of the other members of the family and in 50 per cent 
of these some of the older members sucli as grandfather, father, mother, uncle, 
etc , were taking opium In 59 per cent no family history of addiction was 
given It would appear that heredity does not play any part m inducing the habit 
It IS evident from Table A I that association with other addicts and their example 
IS responsible for the spread of the habit to others m the same family as well as 
to the outsiders 

The family histones of the cases m this series record only three cases of 
opium habit among the women and these were in elderly ladies, being in all cases 
the mothers of addicts This shows that the opium habit is very uncommon among 
the females 

Quantity consumed — A perusal of the tables shows that in this series 15 per 
cent took 1 to 5 grains, 26 per cent 5 to 10 grains, 34 per cent 10 to 20 grains 
and 25 per cent over 20 grams per diem Of this last group quite a number 
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TabivE C 

Addictwn in the family 
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took ov6r 50 grams a day The plea of moderation in the quantity of the drug 
taken by the addicts generally is therefore not home out by this senes TheaC 
figures also help in fixing the average dose of the addicts which can be safely put at 
15 grains per day 

Symptoms produced — The majority of the addicts we examined could not 
give any clear description of the symptoms produced Increased activity, inclina- 
tion to work, sense of well being, a feeling of pleasuje and mild excitement were 
all that were described as the effects of indulgence in the drug Others said that 
they only felt normal after they had taken a dose, there were still others who did 
not get any noticeable effects at all but were afraid to give it up because of the 
abstention symptoms 

Physical and mental effects — The consensus of opinion among medical men 
is that physical deterioration is a factor in the toxic states but in addiction there 
IS the psychical disturbance which constitutes the true dominant therapeutic 
problem This senes of cases is too small to give any idea as to the effects pro- 
duced on the physical, mental and moral state of the addicts, but a careful study of 
the individuals shows that the habit decreases their working capacity, as the life ot 
the addicts is dominated by the fear of abstention symptoms which start when the 
effect of the drug begins to wear off and which render the individuals very 
uncomfortable and almost abnormal if the supply of the drug is not at hand 
65 per cent of the habitu6s m this series declared that the habit was harmful and 
they wanted to give it up but were afraid to do *so because of the withdrawal 
sjmptoms We could not get any evidence bearing on the statement sometimes 
made, that motor drivers addicted to opium were responsible for a greater 
number of acadents 

Association of opium habit until other drugs — 52 per cent of these cases 
gave a histor}' of takang alcohol m some form or other Some of the addicts took 
It occasionally and others regularly The association of the habit with ‘ bhang ’ 
or Cannabis indtca uas rare and was noted in only one case m this senes 
Tobacco smoking was often associated with this habit and even rehgious scruples 
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were set aside Quite a number of the Sikhs in this series, to whom tobacco is 
forbidden by their religion had taken to smoking 

Syuilitoins of abstoitiou — Symptoms of abstention' start as soon as the 
effects of the drug begin to wear off The majority of our cases m this senes 
took tlie drug once in 24 hours but quite a larg\e number took it twice a day 
Yawning, sneezing, lacrimation and hoarseness were among the early symptoms 
when the drag was withheld Later restlessness, nervousness, pains m the 
limlis, insomnia, nausea and vomiting, pain in the abdomen, diarrhoea and want 
of appetite appeared In some cases there was profuse perspiration, tachycardia 
and noctumal emissions 


Summary and Conclusion 

1 In this series of cases, the commonest cause of opium taking was the 
association with and example of other addicts Disease came next as a cause 

2 The majority (85 per cent) of addicts started taking opium before 
40 >ears of age 

3 59 per cent took more than ten grams a day and 85 per cent over 
5 grains a day 

4 The joiinger addicts showed a greater tendency towards taking larger 
doses than elderly persons 

5 Those who acquired the habit later m life remained satisfied with com- 
paratively small doses 

6 The habit is easily acquired but difficult to break off 

7 65 per cent of the addicts declare that the habit is harmful They want 
to give it up but are afraid to do so because of the withdrawal symptoms 

8 Opium addiction is rare amongst the women 

9 The withdrawal symptoms are identical with those observed elsewhere 
' We are very grateful to Dr K Venkatachalam for his help m the analysis of 

the data collected 


Chorus Sir H (1924) 

Dixon, W E (1924) 
PowFi.!,. A (1924) 


Dixon Graham G ( 1923 ) 
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monthly mean relative lnimi(lit> which is not less than 60 per cent, aiul a mean 
monthly minimum temperature which does not (all below 56 7°F 

It tlierefore confoims m respect of teinpcratiirc and hiimidit} to the nboio 
postulates for transmission, as w'e have seen, the suspeclccl \cctor, P atgctihpcs, 
IS present in abundance, and the parasite has apparcntlj been seen in human 
hosts 

The country is not unlike the Garo Hills and the North Cachar Hills in 
Assam, localities m which Kala-azar prevails, and it would he interesting to know 
what reasons other than a fortuitous absence of the parasite, account for the 
immunity of Coorg from Kala-azai, but on this,nnestigation, tins wms not wdiat 
we went out for to see 


Recommendations 

It IS ob\ious that th*e secrets of the malariolog)' of a hyper-ciideinic area like 
Coorg cannot be revealed by a few' weeks’ W'ork, and it follows that the chief 
recommendation which one has to offer at this stage is to urge the desirability 
that more such w'ork should be undertaken 

In regard to Mercara, however, the observation that A hstoni is bred in 
jirofusion by the open stone-pitched drams constructed b> the munici]iahty, nml 
that it IS replaced in swamps and natural water courses by other less efficient 
malaria earners, suggests one of the few specific recommendations wdiich the 
investigation at this stage warrants 

J, MR 


16 
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We have shown that the stream which runs through Brahman Valley is 
throughout its course breeding A hstom m numbers, and it runs through a popu- 
lous quarter which is heavily infected with malaria There can be no doubt that 
it IS very desirable that this stream, from some convenient point in its valley below 
Beauvoir — ^perhaps from below Mr Temmaya’s house, to its junction above the 
Causeway with ‘ Fish River,’ should be canalised 

A small masonry ‘ invert ’ should be provided to take the dry weather flow, 
and the sides of the dram should be made pucca sufficiently high up to take the 
maximum storm water flow 

It must in construction be so designed as to be able to resist damage from 
storm water, for if unsuitably constructed the sides may break down and the 
‘ invert ’ be dissected out by a sudden heavy flow 

Weep holes may be required m marshy places along its course, and suitable 
junctions with house stillage drains must be provided The considerable expendi- 
ture involved in this work should not be undertaken except under the advice, in 
regard to details of construction, of an engineer with expenence of such work 
Such expert advice is also required for the solution of the problem of how 
the municipality should deal with the existing open surface drains which have 
been put down to dram swamps in Fish River Valley and elsewhere 

Such drams, as we have seen, substitute a profusion of a dangerous earner 
mosquito for a smaller number of less efficient carriers and there would perhaps 
be a case for filling them all up and letting the land return to swamp again, as the 
cost of substituting underground subsoil drams would probably be deterrent 

Advice might be sought as to the probable effect from the point of view of 
drajinage, of filling them up with stone and rubble, and then turfing them over, 
as by doing so some degree of drainage might still be effected, and at tlie same 
time, A hstom would be effectually excluded 

Possibly with the draining of the swamps, only some of these cross drains 
actually hold water in the spring months, which is the cntical time, and if a 
detailed survey of Mercara in these months were to be earned out, it would then 
be possible to say which and how many of these drains should be put underground 
At any rate, one would urge that under no circumstances should any more swampy 
land be drained by open surface drains ‘ herringboned ’ to a central open surface 
dram 

In such valleys, subsoil confour draining should be employed, and when the 
expense of so doing is likely to be out of proportion to the value of the land to be 
so reclaimed, then, in so far as these observations have gone, it would from a, 
health point of view appear to be advisable to leave the swamps alone. Perhaps 
one may remark here that such considerations suggest that a malanal drainage 
expert may eventually be found to be a necessary member of an Imperial Anti- 
malanal Bureau 


Joi^gle Clearance 

Although the cut stumps of the trees in the plantain groves in Brahman 
Valley do not as it has been suggested, provide anopheline breeding grounds, as 
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a matter of general hygiene a clearance of these is desirable, for they almost 
certainly afford shelter to the adult mosquitoes, the larvae of which are to be 

found in the* strenm r i 

No special measures are required in regard to wells, none of which were 

found to contain anopheles larvae 


AnTI-MalARIAI, HvGlhNi: AND PlvRSONAI. PROniYLAXIS 
' The senior wnter, as an ex-pubhc health official, at the iisk, perhaps, of incur- 
nng the reproach that like a certain Biblical dog, he has returned to his old habits 
again, would nevertheless venture some comments on the hygienic aspects of the 
malanal problems of Coorg which were prompted In some five weeks’ wanderings 


We have seen that Coorg with a splenic nidex of 63 3 per cent is a liyper- 
endemic area, that is to say, one m which malaria is very prevalent 

If one takes into account the nature of the country, its abundant rainfall, its 
warm and humid atmosphere, its hill streams, its valleys moist with seepage water, 
and its abundant vegetation, one is forced to the conclusion that it is not in our 
stars that the complete eradication of malaria from such a country can be accom- 
plished and that control and mitigation rather than abolition should be the goal of 
anti-malanal endeavour in Coorg 

With one’s thoughts running in this direction, one is astonished to note the 
absence of any personal anti-malarial prophylaxis in Coorg As we ha\e noted, 
the people are progressive, and receptive of new' ideas The children, scarcely 
deterred by almost universal splenic enlargement and frequent attacks of fever, 
fill the well-appointed sdiools of the province , European clothes, foods, liquors, 
and wares, are on sale in all the bazars, and a netw'Ork of motor transport covers 
the roads of the province 

Yet m only one of the many Coorg houses entered in the course of tins 
investigation was a mosquito net seen, and that in the house of a Forester, who 
had been taught its use at a Forest School The reason given for their absence 
is that mosquito nets are too expensive for family use 

In the semor wnter’s experience, in other parts of India, cheap nets made of a 
coarse muslin or such like fabric, are sold at a price of some three or foair rupees, 
and are universally used 


In Coorg, however, although almost every bazar contains a wine shop in 
which imported spmts are for sale, and the wine merchant is a man of substance, 
Ae mosqinto net is considered an expensive luxury, and it is hardly ever used, 
whsl^^ ^ possible to procure two nets for the price of a bottle of 

:: p,ophy. 

- n,aw, 0 , 0 g,ca.,y, a h^er- 
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AmjErsok, Howard akd SimonsEk 0924*), as a result of their studies on 
Lathynsm, of which the present paper is a continuation, came to the following 
conclusions — 

1 ‘The seeds of kitesaii (Lathy) us satwiis L) have been found, on 

chemical examination, to be free fiom substances of an alkaloidal 
nature Controlled experiments with this seed over long period-, 
with ducks and monkeys have demonstrated that the grains aic 
harmless and prowde a nourishing diet for these animals 

2 An examination of the weeds which contaminate khesan, has pro\cd that 

akia (Vicia saliva L var angnsUjoha) contains bases showing 
alkaloidal properties Two such bases, vicine and divicinc, and a 
cyanogenetic glucoside viciamn, have been isolated, piepaied in the 
pure state, and used in inoculation experiments on animals 
Divicme which occurs in afrfn m combination with a sugar, the 
glucoside vicine, pioduces on inoculation in guinea-pigs a charac- 
teristic and fatal disease Akta, when fed to ducks, causes death 
In monkeys, it produces a very characteristic train of symptom-, 
affecting the nenmus and muscular systems 

3 Though certain of the symptoms occuiring m monkeys fed on diets 
containing ahta have been described in cases of human lathynsm 
we are not yet in a position to state, m the absence of pathological 
proof, tliat akta is the cause of lathynsm in man ’ 


*htd lour Med Res, Vol XII, 1924-1925, p 613—643 
( 797'-) 
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Such woik maght be attempted by a series of popular lectures in suitable 
centres, and by adding a senes of school lessions on malaria and personal protec- 
tion to the school curriculum 

The manufacture, popularisation, and distribution of mosquito nets might 
perhaps be undertaken by the ladies of the provincial Red Cross Societ)' 

It IS evident that in this line of work there would be much scope foi the 
activities of a provincial health stafl, but in regard to this the Director of Public, 
Health, Madras, has recently advised the Coorg administration, and there is no 
need for further elaboration of the theme by us 

Quinine, Fi-brifuge, and Cinchona 

It will be seen from the figure' supplied by the Civil Surgeon that the amount 
of quinine supplied by the Coorg Government for its dispensanes, for free distnbii- 
tion in its schools, and for sale b\ official agencies, is a generous provision, being 
17 grams per head of the population (Report of the Coorg Malaria Committee 
1926), and that there is no lack of appreciation of its utility, but the fact that 
they could themselves grow it does not appear to have been put to practical 
application 

Every schoolboy knows that m nature stinging nettles and dock leaves, the 
poison and its antidote, grow side by side , every Coorg schoolboy should knoiv 
that so also might it be m Coorg with regard to malaria and its remedy 

From the official records cited as references, it appears that Cinchona succi- 
iiibia does well m Coorg 

As long ago as 1863 there v/as a plantation of C succiruhia thiee miles easl 
of Mercara, whiclrhad several hundred flourishing trees on it 

We heve not been able to trace its subsequent history or its exact loca- 
tion, but Its fate was probably determined by the desuetude into which the culti- 
vation of C sKLCiiubia has fallen owing to the fashion m medical practice which 
led to the rejection, m favour of quinine, of the other alkaloids of the bark 

Vs C iULcnubia is comparatively poor m quinine, although rich in the other 
alkaloids, Cinchona Icdgcitana and a hybrid between C ledgenana and C succi- 
ruhra have replaced the latter m commercial cinchona cultivation 

It appears that C Icdgeuana has been cultivated in Coorg as a side-hne to 
coffee growing, as it was lipped that the tree would yield good shade for the 
coffee bushes, and that the hark would repay collection 

In the Report on the Economic and Material Progress of Coorg 1826 — 1902, 
it is recorded that ‘ by the commencement of the decade, the cinchona industry 
was already dead, the trees yield poor shade, and at the prices then prevailing 
It did not pay to send tlie bark home ’ 

The trees were therefore rooted out, and the cultivation of Cinchona was 
abandoned m the ‘ nineties ’ 

Despite the improvement m prices since these days, the industry has not 
been reviv’-ed, for economic cause' with which we are not herein concerned 

The point we wnsh to make is that the Cinchona tree, and particularly 
the hardy C succtuibia, will grow and flourish m Coorg^ 
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Object oe the Research 

The object of the investigation, with which the present paper deals, was to 
learn whether or not a morbid state resembling Lathynsm Could be produced in 
rats by means of diets into which khesan or akta entered largely 

For this purpose, the following samples of these grains were used — 

(1) A large-seeded, deep-rooting type of Lathyrus sahvtis, grown by 

cultivators in Broach This see^ was obtained irom Mr Albert 
Howard, Director of the Institute of Plant Industry, Indore It 
was carefully cleaned and reported by him to be a ‘ put e culture 
free from akta ’ . 

(2) A large-seeded type of Lathyrus saHvus, grown by cultivators in Rewah 

This seed was obtained from Lt -Col T C McCombie Young, 
IMS, who collected it ‘ with much difficulty from cases (of 
lathyrism) who had been eating it prior to getting lame ’ The 
sample contained approximately 10 to 15 per cent of gram {Ciccr 
arteHniim) , much of it was weevilled 

(3) A pure culture of akta (Vicia satwa) grown by Mr Howard, from 

selected seed, at the Institute of Plant Industry, Indore 

Experiments with Lathy) us satwus 
Pirst CApenmoit — In this experiment the pure culture of Lathyrus sahvus 
was used Eleven groups of six young rats, of the same aggregate body-weight, 
were fed as follows — 

Group I on whole wheat flour, 100 per cent 
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XI on pure lathyrus 100 per cent 


Each animal was confined in a separate cage under conditions of scrupulous 
cleanliness Water was provided for drinking and washing purposes, and 
sterilized cotton waste as bedding The proportion of males to females was the 
same in each group The animals were allowed to eat as much of their respective 
diets as they liked , they were weighed weekly The experiment commenced on 
the 7th January and ended on the 17th May, 1927, (130 days) During the 
period from 19th January, 1927 to 7th February, 1927 (20 days), each group 
was given buttermilk All animals dying during the course of the experiment 
were subjected to post-mortem examination , ^ 

The results of the experiment are shown in Figs 1 to 11 None of the 
animals fed on diets containing varying proportions of lathyrus developed any 
disease of tlie nervous system Five died of pneumonia (L 2, 5, 28, 39 and > 



793 


T G, McGowhie Yowig d'lid J D. 


We have now changed our minds about the other alkaloids of Cinchona, 
and competent authorities hold that these alkaloids other than quinine, which aic 
contained in Cinchona febrifuge, are probably as effective in the cure of malaria 


'\laior'' J A Sinton, v c , o n c , i m s , has been good enough to place Ins 
file on the subject at our disposal and he authorises us to quote him as being of 
the opinion that for ordinary routine cases of malaria in dispensary practice, 
Cinchona febrifuge when given by the mouth is as effective a cure for malaria 
as quinine is, and he advises that in his experience the febrifuge is not more 
likely to produce unpleasant symptoms of nausea than is quinine ^ 

Here, then, is a tree which might be grown in every Coorg’s back garden 
so to speak, from the bark of which by a comparatively simple process an effeclnc 
cure for malaria can be prepared 

These possibilities have alread> appealed to a former civil surgeon of Coorg, 
Lieut -Col F C Fraser, i m s , who, in a letter to the Commissioner of Coorg 
dated 2Sth January, 1924, advocating the promotion by Government of ' limited 
scattered cultivation of Cinchona,' urged that ‘ an infusion made from the bark 
would appeal to the Coorg, as it is going back to primitne or Ayuncdic 
medicine, and such a decoction would be as effective as the febrifuge now 
employed ’ 

In considering these possibilities, it becomes evident that Government action 
would be required to initiate this polic} From the tables which shoiv the amount 
spent annually in the purcliase of quinine and febrifuge for use in hospitals and 
dispensaries, and for sale in the province, the question anses as to whether, as a 
business proposition, with large areas of Government forest land available, and 
Wh a forest department to handle the products, it would not pay the Coorg 
Government to make their own Cinchona febrifuge for proMncial use 

Even if the ivork were not actually remunerative, a small loss might be 
written off as cinchona cultivation propaganda 

Once the Coorg learned from actual demonstration how easily the red bark 
could be grown from which a febrifuge or a decoction could be produced, one 
might hope to see in very fact the poison and its antidote growing side b)' side, 
the ravines and valleys producing the malaria-carrying anopheles, and on the 
slopes above them the cinchona tree 

Turning from such visions to practical considerations, the following facts, 

which have been culled from literature on the subject, may be useful in this 
connection 


From an editorial note in the Indian Medical Gazette, July 1912 
oiie Irarns lhat otie->ear seedlings are planted out 1,000 to 2,000 of thciii per .auc’ 

Jo „ f' “M The tree may I e 

ri die tnn°J “ "'"1 as ‘hat 

t e trunk, Or coppicing may be adopted, m winch the root is left from 

rJSe P«p;raZ 

powdS s u 'tj-i ztt 
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F.gs 1, 5, 7 and 11) , one d.ed erf ententes (L 38, F.g 7) j the remainder surged 
The sample of pure Uthyilis saUvus used in this experiment was incapable of 
causing latliyrism in rats within a period of 130 days In iiutrilive value It was 
superior to whole wheat flour {cf Figs 1 and 11) Its vilamin-B-value, 
as determined by biological assay on rats, was comparatively high being only 

slightly less than whole wheat , , , ^ i, „„ 

At the end of the experiment the five survivors in Group XI, which had been 

fed for 130 days on whole lathyrus, and the 16 survivors in a second experiment 
(vide hfra), which had been fed for 117 days on whole lathyrus, were placed 
together m one large cage and their exclusive diet of pure lathyrus continued 
for a further period of 60 days In no case did a condition resembling 
lathynsm, nor any disease of the nervous system, arise, tlie animals 
remaining in extraordinarily good health despite that tliey have eaten nothing 
but pure lathyrus for over 6 months Cannibalism did not occur The reproduc- 
tive capaaty of the animals was not appreciably impaired , a number of litters 


being born dunng this period of 60 days 

Second expcunuint — Eighteen young rats were used in this experiment 
They were fed from the outset on cakes composed entirely of the pure Lathyrus 
satimis As in the first experiment, each animal was confined in a separate 
cage under conditions of perfect hygiene Water was supplied in abundance 
The results of the experiment, which lasted for 117 days, are shown m Figs 12, 
13 and 14 They confirm those of the first in no case did lathynsm, nor any 
disease of the nervous system occur Two of the 18 animals died during the 
course of the expenment, post-mortem examination did not reveal the cause of 
their death 

Third expenment — In this expenment the khesan eaten by human sufferers 
from lathynsm prior to the onset of the disease, was used Eighteen yourtg rats, 
each confined in a separate cage under conditions of perfect hygiene, were em- 
ployed They were fed from the outset on cakes composed entirely of this 
khesan Water was provided m abundance The results of this expenment, up 
to the 136tli day, are shown in Figs 15, 16 and 17 They confirm those of 'the 
first and second experiments in no case did lathynsm, nor any disease of the 
nervous system occur Two of the 18 animals (E 85, 90, Fig 15) died during 
the course of the expenment one from pneumonia, the otlier from an unknown 
cause This expenment, commenced on 8th Apnl, 1927, was in progress on 14th 
September, 1927, without any animal having developed lathynsm nor any 
disease of the nervous system * ^ 


ExperimFnt with Vicia, satwa 

In ftis experiment the pure culture of akta (F,c,a satwa) was used 
Twenty-four young rats were employed, each being confined in a separate cage 
under conditions of perfect hygiene They were fed from the outset on cJJl 
composed entirely of akia, water being supplied in abundan ce Tile results of 

an, Jau''LZTot ZZlZ 
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Malaga in Cooig. 


being supposed to make the subsequent extraction of the alkaloids easier The- dampened 
mass IS kept m buckets for a couple of days and -then made into a thick paste with water 
and put into vats 

Caustic soda and mineral oil being added, the vats are heated up to 170°F, and the 
contents stirred for half an hour 

The contents of the vats are allowed to settle for an hour, when two layers form, oil 
on the top, and the exhausted bark sludge below The oil, which contains all the alkaloids, 
IS decanted off into separators, and mixed with dilute sulphuric acid No artificial heat 
IS applied to the separator, but the oil is still hot from the vats and the addition of sulphuric 
acid to water generates some healf The mixture in the separators is allowed to stand for 
two or three hours by which time two layers form The acid liquor, containing quinine, 
together with the other alkaloids, is drawn off into troughs If tins acid liquor has been 
prepared from C succtrubra, all tlje alkaloids it contains are precipitated with caustic §oda 
and Cinchona febrifuge is obtained as amorphous alkaloids ' 

From this account it will be seen that no expensive plant is required for the 
production of febrifuge from the bark 

Subject to expert advice from those personally conversant with the business 
of febnfuge production, one would be inclined to think that the production in 
Coorg of febnfuge for provinaal needs is a proposition which is within the range 
of practical politics, more especially as its mam object would be that of demonstrat- 
ing how a cheap remedy for malana could be placed at the disposal of a popula- 
tion more than half of whom are, to judge from the spleen rates, permanently 
m need of it 
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Studies on Lathy i ism 11 


the experiments, up to the 107th day, are shown m Figs 18, 19, 20 and 21 The 
rate of growth was poor, some animals growing fairly well, others badly In 
no case did lathynsm, nor any disease of the nervous system occur Two 
ammals died during the course of the experiment one from pneumonia, the other 
from an unknown cause This experiment, commenced on 7th May, 1927, was 
still in progress on 14th September, 1927, without any of the animals having 
developed disease of the neiwous system"^ 

Conclusion 

Neither the pure culture of Lathy) ns sativus (Kh-esan) nor of Vtcta satwa, 
(akta) nor the khesan used b> sufferers from Lathyrism m Rewah caused 
Lathynsm or any disease of the nervous system in rats 

* This experiment was still in progress on the 21st December, 1927, without -inj of the 
animals having shown signs of lathynsm — R McC 
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Chart I 

Di^auPTioN OR Figures 

Fig 1 Weight curves of six young rats fed on an exclusive diet of whole 
wheat flour Two (L, 2 and L 5) died of pneumonia, the 
remainder survived 

„ 2 Weight curves of six young rats fed on a diet consisting of 90 

parts of whole wheat flour and 10 parts of pure Lathynts 
satwiis all suivived 

„ 3 Weigh L curves of six young rats fed on a diet consisting of 80 

parts of whole wheat flour and 20 parts of pure Lathyrus 
sattznts all survived 





^ 40 . 







Chart II 

Description oe Figures 

Fig 4 Weight curves of six young rats fed on a diet consisting of 70 
parts of whole wheat flour and 30 parts of pure hathyrus 
sativus all survived 

„ 5 Weight curves of six young rats fed on a diet consisting of 60 

parts of whole wheat flour and 40 parts of pure Lathyrus 
sattvus one (L 28) died of pneumonia; the others survived 
„ 6 Weight curves of six young rats fed on a diet consisting of 50 

parts of whole wheat flour and 50 parts of pure Lathyrus 
satvvus all survived 
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With the passing away of the monsoon in 1926, Calcutta and various otner 
parts of Bengal were visited hy an epidemic disease which, according to some, is 
ben-ben, while others termed it epidemic dropsy It is rather difficult to decide 
on this difference of opinion So far as ben-ben is concerned one can definitely 
say from clinical studies that it is certainly not the text-book ben-ben The 
characteristic ‘ thung ’ of the Chinaman, the neurites, the foot drop, were all 
absent The knee jerk was almost always present The peculiar pallor of the 
pharynx and the loss of pain sensation when the calf muscles are pricked with a 
needle, which are characteristic of ben-ben (Col MacGiIchrist), are not present 
in any of the cases studied In hen-ben, the pathological change is mainly in 
tie nervous tissue, whereas, in this condition, it is the cardio-vascular system that 
suffers most So, without giving for the present any particular name to the 
disease, it vyiU be desirable to record its principal features 

Symptomatology 

Gastro-intestinal — The first symptom noted in many of the cases was some 
gastro-intestmal trouble It was generally diarrhoea — ^flatulent or explosive — or 
dysentery, though a marked constipation was noted in a few cases It has been 
noted that gastro-intestinal symptoms often vaned inversely with cardiac symp- 
toms in severe cases, diarrhoea brought relief while constipation was accompanied 
b> cardiac symptoms 

CEdema and Erythema — Though, usually, the oedema appears after a few 
days of gastro-intestinal trouble, yet there were a good number of cases 'where 
the cedema was the very first sign noted It was more marked in the lower 
extremities than in the uppy and pitted on pressure In some cases it affected 
the whole body, even the scalp not excepted Erythema of the oedematous skin 
was a common feature General redness — a mottled redness — sometimes purpl*, 

( 67 ) 
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Epidemic Biopsy 


dark mottled blue were all noted in different cases Sometimes scattered areas of 
dilatation of capillary vessels would lead to painful and bleeding ulcers or pem- 
phigoid eruptions In some cases there were angiomatous growths all over the 
body Very painful piles — internal and external — were noted in many of the 
cases 

Heart — Most of the fatalities were due to heart-failure Palpitation, 
throbbing, anginal pain were the usual complaints 

Lungs — The lungs were involved — generally bronchitis, and less often, 
broncho-pneumonia simulating influenza, were noted Pulmonary oedema during 
failure of compensation and acute oedema with incessant cough and expectoration 
of large quantities of saniou‘= sputum suggesting acute failure of the right heart, 
were the most distressing symptoms m many of the fatal cases 
Kidneys — Healthy 

Livei — The liver was generally found enlarged in cases of failure of com- 
pensation 

Eye - — Glaucoma has been noted in some of the cases 
Since 1877-78, when it was recorded for the first time by Norman Chevers, 
the epidemic has visited this part of the country 3 or 4 times The symptoms, as 
can be judged from the literature, were practically the same with some minor 
differences One can rightly name epidemic dropsy as ‘ morbus Bengalensis ’ — a 
name given by Chevers to a general rundown anaemic and aesthemc condition of 
the Bengalees due to insufficient dietary, since during every epidemic of this disease 
it is only the Bengalees — ^be they Hindus, Mahomedans or Christians — that 
suffered Europeans, Marwaris and other communities, even when living in the 
very badly affected epidemic areas, have escaped altogether In the case of 
Bengalees, it is only in the extremes of age that tire disease is rare, certaiiilv 
there is no age which is really immune Cases have been noted even in suckling 
babies of dropsical mothers 


General Blood Picture 

For the general blood examination samples have been collected at the same 
hour of the day from the patients on a fasting stomach — these precautions were 
taken with the idea of getting comparative figures and to avoid the physiological 
leucocytosis and other changes associated with digestion and absorption 

Table I gives the result of enumeration of the erythrocytes and leucocytes 
and also the findings of the percentage of haemoglobin and the colour index 

From the table it will be evident that there is a marked diminution of the 
number of erythroc 3 d:es from that of the normal The normal count in the 
Bengalees is 5,000,000 per c mm , whereas in this condition it may be as low as 
1,500,000 per cmm 

With the diminution of the number of erythrocytes, the percentage of 
haemoglobin has also come down and the colour index shows that there is a 
marked anaemia of the secondary type In calculating tlie colour index the normal 
percentage of haemoglobin has been taken as 100 per cent, but it should be noted 
that in Bengalees in normal healthy condition, it is generally 80 per cent 
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Chart III 

Description or Figures 

Fig 7 Weight curves of six young rats fed on a diet consisting of 40 
parts of whole wheat flour and 60 parts of pure Lafhyru<; 
satimts one (L 38) died of enteritis, another (L 39) died of 
pneumonia , the remainder survived 

„ 8 Weight curves of six young rats fed on a diet consisting of 30 

parts of whole wheat flour and 70 parts of pure Lathyrus 
saiwus all survived 

„ 9 Weight curves of six young rats fed on a diet consisting of 20 

parts of whole wheat flour and 80 parts of pure Lathynu 
satwus all survived 
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In previous Reports on this subject (1, 2, 3) the production m rats of 
urolithiasis and its sequelte, by means ol diets consisting of vhole wheat flour 
{atta) or oatmeal, linseed meal, cornflour, calcium phosphate, common salt and 
water, and its prevention by the addition of milk to these diets, have been recorded 
It has lately been found that stone-m-the-bladder may also occur in lats sur- 
viving for long enough periods (120 to 130 days) on an e'cclusive diet of white 
flour From this it would appear that urolithiasis is not due to any toxic quality 
possessed either by whole wheat flour, oatmeal or linseed meal, but that it is due 
to metabolic disturbances resulting from certain deficiencies in the experimental 
diets The stone-producing effect of an exclusive diet of white flour had not 
been observed when experiments were begun to determine whether this effect 
might be due to some toxic quality of linseed meal or of linseed oil It is the 
purpose of the present paper to record the results of these experiments 

' / 


Thr Experimental, Diets 
These were three m number - — 

The fiisl consisted of 78 parts of whole wheat flour (atta), 20 parts of 
linseed meal, 1 part of calcium phosphate, 1 part of sodium chloride 
and water It will be referred to as ‘ DIET A ’ 

' ( 801 ) 



Chart IV 

Description op Figures 

Fig 10 Weight curves of six young rats fed on a diet consisting of 10 
parts of whole wheat flour and 90 parts of pure Lathynis 
satiTnts all survived 

„ 11 Weight curves of six young rats fed on an exclusive diet of pure 

LiJthyrus sativus one (L 62) died of pneumonia; tlie others 
survived 

„ 12 Weight curves of 18 young rats fed on an exclusive diet of pure 

Lathy rus sativus two (L 75 and L 78) died from unknown 
causes , the others survived 
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^The second consisted of 90 parts of whole wheat flour {atia), 8 parts of 
linseed oil, 1 part of calcium phosphate, 1 part of sodium chloride, and 
water Tt will be referred to as ‘ DIET B ’ 

The third consisted of 90 parts of whole wheat flour (atta), 8 parts of sesame 
(gtngelly) oil, 1 part of calcium phosphate, 1 part of sodium chloride, 
and water It will be referred to as ‘ DIET C ’ 

Twenty-one young rats, aged between 60 to 70 days, were fed on each of 
these diets The details of the experiments, as regards hygiene and caging of 
the animals, were as recorded in previous reports The animals weighed between 
60 and 86 grammes at the commencement of the experiment on the 29th December, 
1926 Ten males and eleven females were fed on Diets A and B , eight males 
and thirteen females on Diet C The experiment was continued fpr 257 days, 
ending on 14th September, 1927 


RltSUIyTS oil THE ExpCRIMENT 

The results of the experiments are given in the accompanying Tables (I, II 
and III) They ihay be summarized as follows — 

(1) Three animals fed on Diet A, developed urolithiasis a case incidence 

of 14 3 per cent In all three gravel, but no formed stones, was 
present in the bladder The condition was associated with chronic 
cystitis in two cases , in the third case no macroscopical evidence of 
cystitis was present In one of the three the ureters were markedly 
dilated and necrotic areas lyere present m the kidneys , the other two 
showed no macroscopical evidence of pathological change either in 
the ureters or kidneys 

(2) Seven animals fed on Diet B, developed urolithiasis, a case incidence of 

33 3 per cent Formed stones were present in the bladder in four 
of them The stones ranged in weight from 12 to 253 6 mgrms , 
they occurred either as single or as multiple stones In three cases 
gravel, but no formed stones, was present in the bladder , in one of 
these (No 16, Table II) gravel was also present in the kidney The 
condition was assoaated with chronic cystitis m four cases , no 
macroscopical evidence of cystitis was present in the remaining three 
Dilatation of the ureters occurred in two cases , pyelitis or pyone- 
" phrosis in three 

(3) Five animals, fed on Diet C, developed urolithiasis a case incidence of 

23 8 per cent Formed stones (weighing 17 6 and 20 mgrms 
respectively) were present in two of these, gravel in the remaining 
three The condition was associated with cystitis in only one of the 
five cases, dilatation of the ureters was present m three cases and 
well-marked pyonephrosis in one 
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Tabivi: I 

Showing the incidence of inobtlnasis and of its sequela, and the cause of death 

m 21 young lats fed on Diet A 


No 

Sex 

Original 

body 

weight 

Final 

body 

weight 

Days under 
oxpcri- 
raont 

Post mortem findings 

1 

M 

08 

134 

117 

Pneumonia 

2 

F 

69 

135 

209 

Pneumonia 

3 

M 

78 

164 

161 

Pnoumoma 

4 

i\r 

68 

105 

218 

An CO mi a 

6 

F 

66 

77 

73 

Pnoumoma aucomia 

^ 6 

F 

68 

93 

120' 

Inflanxmalory growth in bladder 

7 

F 

70 

90 

211 

Ancemia 

8 

M 

72 

116 

142 

Pnoumoma 

9 

M 

71 

112 

168 

Anromia 

10 

M 

74 

106 

194 

Pneumomo, 

11 

M 

69 

80 

94 

Pnoumoma 

12 

M 

70 

105 

201 

Pneumoma 

13 

F 

65 

no 

97 

Scurvy oedema 

14 

F 

67 

78 

98 

Ancemia 

16 

F 

66 

86 

106 

Qravd xn bladder cystitis dilated ureters 
necrosis kidney 

16 

F 

74 

76 

126 

Pneumonia 

17 

M 

79 

140 

183 


18 

M 

77 

100 

186 

Ancemia 

19 

/ 20 

21 

F 

F 

F 

73 

71 

72 

95 

115 

116 

173 

179 

196 

Oravel xn bladder , no cystitis 

Qravd xn bladder cystitis 

Pneumonia 


I 








Chart V 

Description oe Figures 

13 and 14 Weight curves of 18 young rats fed on an exclusive 
diet of pure Laihyrus sativus two (D 75 and L 78) died from 
unknown causes, the others survived 
15 Weight curves of 18 young rats fed on an exclusive diet of khesart 
used by sufferers from human Lathyrism one (L 90) died 
from pneumonia another (D 85) died from an unknown cause, 
the remainder survived 
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Table II 

Showing the wcidcncc of urolithiasis and of its sequela, and the cause of death 

in 21 young rats fed on Diet B 


Xo 


Original 
; body i 
eight j 

Final 

body 

1 weight 

Days under 
expen 
ment 

Post mortem findings 

1 

M 

1 

72 

116 

163 

Pneumonia 


1 

7*^ 

119 

173 

Anremia 

% 

r 

76 

48 

1 

27 

1 

Enteritis 

4 

F 

70 

1 1 

90 1 

183 

Pneumonia 

5 

n 

70 

93 

161 

Pneumonia ^ 

0 

M 

; 00 

83 

139 

1 

Pneumonia 

7 

F 

OG 

75 

i 

231 

^tone iii-iJie bladder (95 ingritis) uephntia 
chronic cystitis 

S 

M 

78 

120 

210 

Siam tn-fhe bladder (263 6 mgrms) chrome 
cystitis dilated ureters pyonephrosis 

0 


60 

1 

42 

21 

Ententis 

10 

' F 

68 

■ 87 

182 

r 

11 

: F 

67 

! ^9 

i 102 

i Pneumoma 

12 

1\T 

73 

! 67 

I 03 

1 Pneumonia 

1 ^ 

i\r 

1 

72 

80 

101 

Ententis 

14 


74 

1 

90 

198 

Pneumonia 

]■) 

F 

65 

75 

204 

Qravd \n bladder no cystitis 

lb 

F 

66 

80 

1 

205 

Orai^el \n bladder cystitis dilated ureters 
pyoneplirosis gravel in Indney / 

17 

F 

67 

i 70 

212 

Ententis 

IS 1 


83 

1 48 

15 


]<) 

1 

84 

1 

1 

33 

ISlcne \ii-iht bladder (12 mgrms) no cystitis 
pyelitir 

20 

r 

SO 

75 

1 22 

mom in the bladder (21 mgrms) -chrome oysntis 

21 

F 

60 

66 

1 02 

Oravel tn bladder no cystitis 
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Tablc III 

^ 21 voting rats fed on Diet C 



Onginal 

body 

weight 


Fmol 

body 

w OJgllt 


Days under 
oxi>ori 
inout 


Post mortom findingn 



M 

OD 

113 

181 


F 

70 

145 

187 

a 

F 

03 

100 

191 

4 

F 


72 

193 

6 

F 

06 

96 

240 

6 

F 

66 

09 

71 

7- 

F 

60 

84 

196 

S 1 

M I 

62 , 

117 

176 

9 ' 

F 

64 

67 

179 

10 

M 

76 

96 

164 

11 

F 

77 

106 

197 

12 

M 

78 

190 

• 

194 

IS 1 

F 

65 

100 

93 

14 

F 

66 

86 

172 

15 

F 

67 

60 

189 

16 

M 

84 

90 

184 

17 

M 

86 

90 

t 

218 

18 

M 

86 

116 

257 

19 

M 

80 

93 

176 

20 

F 

81 

82 

182 

21 

F 

68 

90 

224 


Gravd tn bladder di’atod ureters no cystit-s, 
Pnoiimonin 

Oravel-tn bladder oilatod urotors no cystitis 
Slone.tn bladder ( 17 G ingrms) no cystitis 
Paoumonip 

Permcions anroraia 
Pneumonia ^ 

Pnenmonm 

Antemia 

Pneumonia 

\nnemia 

Pneumonia 

OraveUin bladder no cystitis 

Pneumoma 

Vnfiemia 

Slone tn bladder (20 mgrnui) cystitis dilated 
iiretcrfl pyonephrosis 


Judging by the incidence of urolithiasis, the frequency with which formed 
stones were present, the size of the stones and the incidence of the sequelse of 
stone, the diet composed of whole wheat flour and linseed oil (Diet B) was the 
worst of the three But too much significance can not be attached to the differ- 
ence m incidence of the disease in the animals fed on these three diets, for m 
different expenments, in which the same stone-producing diet (or what appeared 
to be the same) was used, the incidence of the disease varied within fairly wide 
limits Thus, m a repeat expenment, earned out at the same time as the present 

one, in which 18 young rats were fed on a stone-iproducmg diet consisting of 
J, MR — 


Chart VI 

Description op Figures 

Figs 16 and 17 Weight curves of 18 young rats fed on an exclusive 
diet of khesan used by sufferers from human Lathynsra. bne 
(L 90) died from pneumonia another (L 85) died from an 
unknown cause, the remainder survived 
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53 parts of whole wheat flour (atta), 20 parts of linseed meal, 25 parts of corn- 
flour, 1 part of calcium phosphate, 1 part of sodium chloride and water, the 
incidence of urolithiasis was 11 1 per cent although in a previous experiment 
(2) it was 22 per cent There is, therefore, no significant difference between the 
stone-produang effect of Diets B and C This effect does not seem to be due 
to any toxic action possessed by the oil of linseed as compared with that of sesame 
But, as shown by the results of a previous experiment (3), it is due to the 
insufficiency in these vegetable oils of some substances (probably vitamin-A and 
probably not vitamin-D) provided in abundance by whole milk of good quahty 
Of the 15 cases of urolithiasis in this series only seven were associated with 
macroscopical evidences of cystitis Cystitis does "not, therefore, appear to be a 
necessary forerunner of stone-in-the-bladder in rats, but, like pyelitis and pyone- 
phrosis, it appears to be a sequel of stone When the results of this expenment 
are taken in conjunction with those previously recorded (1, 2, 3), the following 
conclusions appear to be justified 


C0NCI,USI0NS 

(1) Stone-in-the-bladder in rats is due to the insufficiency in the experi- 

mental diets of a substance or substances (probably vitamin-A) 
which whole milk of good quality provides in abundance This 
substance is not present in sufficient quantity m certain of the 
vegetable oils (hnseed and sesame) in common use in India 

(2) Cystitis is not a necessary forerunner of stone-in-the-bladder m rats 

• 

reference 

1, 2, 3 McCarrison (1927) Ind Jour Med Research, XIV, p 895, XV, p 197, 

and XV, p 485 
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The bacillus of rat leprosy was first isolated by Stefansky(l) working in 
Odessa in 1903, and since that date it has been desenbed by numerous workers as 
occurring in rats in England, the United States of America, France, Germany, 
Japan, Australia, New Caledonia and Brazil The proportion of naturally 
infected rats vanes considerably according to the findings of different observers 
Marchoux and Sorel(2) working in Pans, systematically examined 1,296 rats 
and found evidence of infection in 65 (5 per cent) , they state, however, that 
the percentage of positive findings vanes in different localities and that as many 
as fourteen, nineteen or even forty-five per cent of the rats in certain lots may 
be infected 

The exact relationship between the human and the rat forms of leprosy 13 
not certainly known, but there are certain factors common to the respective 
organisms which suggest a very close kinship (a) Similarity in morphology 
and staining reactions (b) Resistance to artificial cultivation (c) The 
commonly intracellular position of the bacilli in both diseases (d) The relative 
difficulty of transmission to experimental animals with the exception of slight 
and transitory lesions in monkeys, laboratory animals have proved resistant to 
infection with the human strain -and nothing approaching the generalised lepro- 
matous condition found in man has ever been obtained With the rat form, the 
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Rat Leprosy. 


bacillus appears to be specific for this animal (to which it can, however, be 
transmitted fairly easily) , experiments with monkeys, guinea-pigs, rabbits and 
Chinese hamsters have hitherto proved negative (e) The occurrence of rat 
leprosy bacilli in the superficial glands of apparently healthy rats (Marchoux 
quoted by Thibault) (3) Similar findings in the glands of otherwise healthy 
persons living in association with lepers have been described by Sorel(4), 
Conoy(5), and others (/) At least one case of rat leprosy ocairnng in a human 
being IS reported in the literature (Marchoux) (6) 

With this analogy before us, we deemed that a study of the disease in rah 
might prove of value in shedding light on the human lesions 

Rats infected with leprosy were obtained'' in October 1925, through the 
kindness of Lient -Col J Morison, i m s , Acting Director of the Haffkine 
Institute, Bombay, and with these as a basis of supply numerous experiments 
were set in tram We propose to discuss briefly the more important of these 
Our post-mortem records are not- so complete as we could have wished for two 
reasons {a) Animals dying during week-ends are frequently decomposed or 
partially eaten (&) Owing to an unfortunate mistake, commeraal calcium car- 
bonate contaminated with barium carbonate was administered to 12 rats from 
different deficiency-diet experiments shortly after these had been started all 
the animals rapidly succumbed a'? a result of this disaster A further difficulty 
with which one has to contend is the normal death-rate in any animal population 
rat leprosy is a disease of long incubation period relative to the normal expecta- 
tion of life of this animal A proportion of rats die before there is time for the 
disease to develop 

I Stthcntanco\is 7 nocuIafwn of rots on a full diet 
In all 52 rats on a full diet were inoculated subcutaneously in the groin Of 
these, 44 were subjected to post-mortem examination and lesions were found in 
43 The negative rat was one which had been inoculated with a small dose from 
the original Bombay strain , the remaining 8 were not examined for one or other 
of the reasons mentioned above The known percentage of positive results^ is 
therefore 97 7 The shortest period after inoculation m which lesions were 
observed was 3 weeks and there was in a very general way a relationship between 
the interval which had elapsed since inoculation and the extent of leprous involve- 
ment of the tissues, but this relationship was not a definite one At least two 
reasons can be advanced to explain this (a) differences in the resistance of 
individual rats to infection, and (6) variations m individual dosage The emul 
sions used m these experiments were standardised against standard opacity tubes, 
but as the source of the emulsion (m the present state of our inability to cultivate 
the organism ui vitro) was necessanly lepromatous tissue, this method cannot be 
considered to be particularly accurate We are at present carrying out experi- 
ments with fractional doses to trv to estimate the minimum effective dose 

In the above series spread of the disease from the site of inoculation as 
estimated by the finding of organisms in the .related lymphatic glands did no 
occur before the third week following inoculation There is definite evidence o 
cellular proliferation and phagocytosis of baalli at the site as early as the eighth 
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TABIyt I 

SJwzvwg the qcnnal blood pirtwc of epidemic diopsy 


a; 

<; 


Race 

Days from noticing 
the symptoms 

Erythrocytes 

Hemoglobin per 
cent 

Colour index 

Leucocytes 

PracENTAGH 

Polymorph 

Small mono 

Large mono 

Eosinophyl 

40 

Male 

Hindu 

15 

4,000,000 

00 

75 

8,500 

69 

20 


8 

30 

Do 

Do 

18 

4,000,000 

55 

7 

11,000 

66 

22 


9 

45 

Do 

Do 

12 

3,200,000 

SO 

78 

8,000 

60 

21 

8 

11 

52 

Fcm 

Moh 


3,940,000 

35 

44 

12,000 

56 

25 

4 

IS 

16 

Male 

I Ch 

7 

2,100,000 

14 

33 

6,700 

60 

25 

8 

7 

21 

Do 

Hindu 

25 

1,500,000 

15 

5 

7,000 

70 

14 

7 

9 

29 

Fem 

Do 

20 

3,100,000 

32 

51 

9,430 

59 

17 

5 

19 

18 

Male 

Do 

1 

5,000,000 

60 

6 

6,000 

74 

18 


5 

50 

Do 

I Ch 

month 

7 

3,200,000 

40 

62 

12,000 

74 

9 


12 

42 

Do 

Hindu 

10 

3,700,000 

1 40 

54 

9,000 


24 



29 

Do 

Moh 

12 

3,550,000 

55 

75 

11,000 

51 

37 

8 

4 

12 

Do 

Hindu 

20 

4,000,000 

60 

75 

15,000 

79 

9 

4 

8 

1 

10 

Fem 

Do 

1 

4,500,000 

55 

61 

8,000 

72 

20 

3 

5 




month 









19 

Male 

Moh 

15 

4,000,000 

SO 

62 

11,000 


17 

8 

5 

26 

Do 

I Ch 

11 

3,500,000 

40 

57 

7,000 

67 

17 

3 

13 

15 

Do 

Hindu 

18 

4,000,000 

60 

75 

6,000 

69 

' 16 

3 

12 

25 

Do 

Chinese 

20 

2,000,000 

20 

5 

11000 


16 

3 

1 

30 

Do 

Hindu 

12 

3,500,000 

40 

57 

9,000 

72 

15 

3 

10 

35 

Do 

Do 

16 

4,900,000 

65 

65 


52 

34 

7 

7 

40 

' Do 

Do 

7 

3,800,000 

55 

7 

5,600 

62 


6 

2 


As to the leucocytes the table shows that m most of the cases there is a more 
or less distinct leucocytosis Though according to the text-books the normal 
leucocyte count is 5,000 to 10,000 per c mm , in Bengalees 5,000 to 6,000 per 
c mm IS the usual finding 

For the differential count, the smears were stained with Giemsa’s azur-eosin 
The table shows that there is an increase of the eosmophyls In this connection, 
it IS to be mentioned that there is not only an increase of typical eosmophyls 
having bilobed nuclei and a coarse, eosm-stained granular protoplasm with 
deficient cell walls, but some of the polymorphonuclears also, instead of having 
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Epidemic Diopsy. 

fine eosmophyl granules, have very coarse, red-stained granular protoplasm 
Another peculiarity that will be observed m the differential count, is that in 
some of, the cases there is an increase of the large mononuclear cells Whether 
this increase is a peculiarity of epidemic dropsy or is due to its associated intestinal 
trouble is difficult to say 


Hccinatociit leadings shoi 

Tablp II 

cing the relative volume of plasma 

and corpuscles 


Plasma 

Corpuscles 

1 

70 

30 

2 

57 

43 

3 

64 

36 

4 

60 ' 

40 

5 

65 

35 

6 

68 

32 

7 

68 

32 

8 

70 

30 

9 

57 

43 

10 

65 

35 


The haematocnt reading in Table 11 shows the relation of the volume of 
corpuscles to that of the plasma Blood samples were taken from the vein and 
oxalated with a weighed amount of the potassium salt and then centrifugalised in 
a haematocnt tube The relation of the volume of corpuscles to that of the 
plasma m a normal healthy adult is 48 to 52, but in this condition, il is evident 
from the table that there is a marked variation The plasma volume is much 
increased in relation to that of the corpuscles, and thus there is a distinct hydrcemic 
condition of the blood 

Tabi,e: III 


Showing the coagulation tune of blood in cases of epidemic dropsy 



Sev* 

Age 

Coagulation time 

Method used 

1 

M 

18 

3 min 

20 secs 

Wright^s Coagulometer 

2 

F 

26 

3 

30 „ 


3 

M 

58 

3 „ 

3 , 

» >» 

4 

M 

20 

4 „ 

0 

Capillao'' Method 

5 

M 

37 

4 

10 , 


6 

M 

16 

3 . 

20 „ 

n ft 

7 

M 

14 

2 , 

50 „ 

a 

8 

M 

45 

3 „ 

10' „ 

ft 

9 

F 

23 

3 

20 „ 

tr f 

10 

M 

29 

3 „ 

so „ 



The coagulation time of the blood has been noted in some of these cases 
The blood is obtained by a finger prick and allowed to be drawn m by capillary 
action into a fine capillary tube and the time noted A sharp and bold prick 
allows the blood to flow freely and it takes about one to two seconds to fill a fine 
capillar^' tube of uniform iiore of about 6 seconds length Every 15 seconds a 
portion of the tube is broken to note the appearance of the fibrin threads In the 
normal condition, the usual time taken is 3 to 4 minutes,. 

The findings in these cases is given in the Table III from which it will be 
seen that there is not much variation from the normal 
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day followmg moculat.on One of us (J M H ) lias lately performed a senes 
of biopsies in rats at definite intervals after subcutaneous inoculation microscopic 
sections prepafed thereform liring out the above point 

In the 43 positive rats bacilli were recovered from the following areas 

(1) Site of inoculation in 35 

(2) Associated inguinal glands m 24 

(3) Prevertcbral glands in 33 

(4) Spleen m 27 

(5) Liver m 13 


From the twenty-eighth week onwards involvement of the lungs in addition 
to the structures already mentioned has usually been found One notable 
feature is the apparent immunity of the kidneys and suprarenals bacilli can he 
demonstrated with relative frequency m the capsules, but wc have not with cer- 
tainty recovered organisms from the substance of cither organ The apparent 
relative infrequency of involvement of the inguinal glands draining the inocula- 
tion site is explained by the fact that extensive ulceration frequently develops 
at the latter point m advanced cases, leading to a lack of definition of the struc- 
tures m the neighbourhood There has been no increase of virulence as 
estimated by shortening of the incubation period, i e , there is no evidence of in- 
increased virulence by passage 


f 


II Intiaperitoncal inoculation of rats on a full diet 


The total number of rats on a full diet inoculated intrapcritoneally was 48 
Of these, 40 were subjected to post-mortem examination and lesions were 
demonstrated in 37 The negative rats died 2, 3 and 26 weeks, respectively, 
following inoculation The knozvn percentage of positive rats is, thcrcfoic, 92 5 
and the shortest period after inoculation m which lesions were observed was one 
week The relationship between the interval which had elapsed since tlie inocula- 
tion and the extent of leprous involvement, slight as it was in the subcutaneous 
group, has^ proved in the intraperitoneal series to be even less in evidence — in 
one case, indeed, in which tlie animal had survived for 26 weeks following inocula- 
tion, careful macroscopic and microscopic examination failed to reveal any evidence 
of infection 


The occasional occurrence of granulomatous tumour-like masses m the 
abdomen following intraperitoneal inoculations has already been described by us 
in a separate paper (Muir, Henderson and Landeman) (7) 

In the 37 positive rats, bacilli were recovered from the following sites in the 
undermentioned order of frequency 


(1) Prevertcbral glands in 36 

(2) Spleen m 34 

(3) Liver m 34 


Involvement of U.e prevertebral glands and spleen ,s a relatively early 
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Potency and resistance to adverse conditions aie the two most essential 
actors in a vaccine Ijnnph destined for use in a warm climate Unfortunat dy, 
IS prepared under tropical conditions show \cr} considerable ditlerences in 
iirSprf r without ail) obvious reasons The present investigation v-as 

of the Institute, Guiiid}, with a view to estimating the influence 

down the^on*Jf^"''°” 

hons The P'-^Paration and storage under tropical condi- 

first the reaction ‘^^"sistcd of tw'o series of experiments In the 

varying co„d,i,„„s "(oT Frcr'’?M°Vff' 

(0 After nunfir^f,. 1 ’ exposure to adverse conditions, and 

correlated as far a<; " ^ ^ca"s of chloroform These results have thus been 
reduction m the nuniber.''nf vaccinations on children and 

adjusted to differenf!!^ suitable lymph was selected and a portion artificially 
different periods of ci ^ which the results on calves w'ere noted after 

The glycennat^rl 

the Institute at tLf w experiments were those in routine use 

fives so that the readmo-T the product of 5 or 6 

Irom individual calves ^ the average rather than the results obtained 


rand Assistant authors were respectively 
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Rat Lepj osy. 

able to demonstrate bacilli in thi<5 organ as early as the first and second weeks 
after inoculation, this is by no means a constant finding in our experience and it 
IS much commoner to find it involved from about the seventeenth week onwards 
The apparent immunity of the kidneys and suprarenals was again noted 

III Snbciitancom inoculation of rats on deficient diets 

The total number of rats on deficient diets inoculated subcutaneously with 
rat leprosy material was 33 Of these 15 were on a Vitamin A-free diet, 4 on 
a Vitamin B-free diet, while 14 were on a diet of stale fish and rice 31 rats were 
subjected to post-mortem examination in all of which lesions were found, and 
the minimum period after inoculation m which positive findings were recorded 
was 3 weeks Bacilli were recovered from the following sites — 

(1) Site of inoculation in 18 

(2) Inguinal glands in 13 

(3) Prevertebral glands in 17 

(4) Spleen in 17 

(5) Liver in 3 

IV Intiaperitoneal inoculation of rats on deficient diets 

34 rats on deficient diets were inoculated intrapentoneally with rat leprosy 
material 15 were on a Vitamin A-free diet, 5 on a Vitamin B-free diet, while 
14 were on a diet of stale fish and rice A total of 25 out of the 34 rats were 
subjected to post-mortem examination and lesions were found in all The 
minimum ‘ incubation period ’ after inoculation was 2 weeks Bacilli were 
recovered from the following sites — 

(J) Prevertebral glands in 22 

(2) Spleen in 23 

(3) Liver in 4 

We do not think from the above experiments that there is evidence tliat 
'deficient diets have any effect in accelerating the onset or in modifying the 
severity of rat leprosy It is tnie that the percentage of knoivn positives was in 
each case 100 but the number of post-mortems performed in each of the experi- 
ments was disproportionately low, partly owing to the barium poisoning already 
consumed b> its confreres In connection with Experiment IV, one point of 
interest referred to and partly owing to the fact that in these experiments a dead 
rat was very readily consumed is the apparent infrequency of involvement of the 
liver In these experiments as in others of a sinular nature to be detailed later 
we desire to express our indebtedness to Lieut -Col R McCarrison, Director, 
Deficiency Diseases Inquiry, Pasteur Institute, Coonoor, South India, for hints 
on the composition of the vanous diets 

V Subcutaneous inoculation of lats on a full diet with l|10th 
usual dose of rat lepiosy emulsion 

Nine rats on a full diet were inoculated subcutaneously with IjlOth the 
usual dose of rat leprosy material all were subsequently proved on post-mortem 
examination to have developed lesions The shortest period after inoculation m 
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The pulp in each case was diluted to a strength of 1 — 5 with a 50 per cent 
solution of glycerine and water whose pH had been carefully adjusted before- 
hand to 7 2 * 

The reaction of the lymph was obtained by estimating its pH by the 
colimetric method 

Two methods of obtaining a clear fluid so that the tests could be read were 
adopted (a) Method of dialysis used 'for obtaining the pH of blood, and 
(b) Centnfugalisation 

In the former 0 5 c c of lymph, made as above, was put into a freshly 
prepared collodion sac and floated in 5 c c of normal saline solution, whose 
reaction had been adjusted to 7 0 Preliminary experiment showed that the 
reaction of the mixture did not give a constant reading until after 4 hours’ 
emersion m the saline Once the maximum reading had been obtained, however, 
it remained constant for about 18 hours The tests were, therefore, set up in 
the late afternoon, kept in the cold store (10° — 12°G.) overnight and the pH 
of the dialysate estimated early next morning 

In the latter method (centnfugalisation) 0 5 c c of lymph were diluted with 
2 c c of neutral saline (pH 7 0) and centrifuged at high speed for 30 minutes 
With lymphs on the acid range the sedimentation was complete and a perfectly 
dear fluid resulted MOien the fluid was slightly alkaline, however, there was a 
slight haziness which did not, however, interfere with the reading of the tests 
The results obtained by the two methods agreed very closely with each 
other 

Dialysis was used for the first senes of experiments and the centnfugalisation 
method for the second senes 

Before the actual experiments were earned out, the two methods were 
subjected to a preliminary test to estimate the margin of error due to the 
technique alone Two separate experiments were earned out for this purpose 
In the first 1 c c of the same lymph (sample I) was added to each of 12 
centnfuge tubes- and diluted with 5 c c of carefully neutralised saline Each 
sample was centnfuged and its reaction estimated At the same time 12 samples 
of the saline used for the dilution were also tested This procedure was repeated 
ivith a second batch of lymph (sample II) and at the same time half-a-dozen 
samples of this lymph were dialysed after the manner described above and the 
reactions of the dialysate tested Table I gives the results 

In the first lymph the reactions obtained after centnfugalisation showed 
a variation of 0 2 and in the second the whole 12 samples gave identical 
readings By the dialysis method there was a maximum variation of 0 1 

A potentiometer test of lymph No II earned out at the same time gave 
a reading of 7 18 The amount of variation due to the methods employed can, 
therefore, be accepted as not exceeding 0 2 and the readings given in tlie follow- 
ing experiments can be accepted subject to this proviso 

* This slight degree of alkalinity due to the diluent must be allowed for in the read ngs 

of the first senes of experiments 
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which lesions were observed was 12 weeks and bacilli were recovered from the 
following sites in the undermentioned order of frequency 

(1) Site of inoculation in 9 

(2) Inguinal glands in 9 

(3) Prevertebral glands m 9 

(4) Spleen in 7 

(5) Liver in 3 

VI Subcutaneous nwculaiion of lats on deficient diets with lllO/It 
usual dose of lat Icpiosy ctnulston 

Nine rats on deficient diets were inoculated subcutaneously m the right groin 
with 1 1 10th usual dose of rat leprosy material of these 5 were on a Vitamin 
A-free diet, while 4 were on a diet of stale fish and rice 8 were bubjcclcd to 
post-mortem examination, and m all lesions were found The snortest period 
after inoculation in which positive findings were recorded was 9 weeks and bacilli 
were recovered from tbe following sites — 

(1) Site of inoculation in 7 

(2) Inguinal glands in 8 

(3) Prevertebral glands in 7 

(4) Spleen in 4 

(5) Liver m nil 

It IS concluded from these two small experiments that 1 1 10th the usual 'dose 
of rat leprosy emulsion inoculated subcutaneously is capable of producing lesions 
and that deficiencies in diet do not play an important part m the onset and course 
of the disease Moreover, there was no absolute relationship between extent of 
leprous involvement of tissues and strength of the bacillary inoculum in rats 
sacnficed at approximately equal dates from the commencement of the experiment 

VII Intraperitoneal moiiilation of rats on a full diet with l(10//i 
usual dose of rat leprosy emulsion 

The total number of rats on full diet inoculated intrapentoneally with 1 1 10th 
the usual dose of rat leprosy material was 9 Of these 8 were subjected to post- 
mortem examination and in all lesions were found the minimum period after 
inoculation in which positive findings were recorded was 12 weeks, and bacilli 
were recovered from the undermentioned sites 

(1) Prevertebral glands in 5 

(2) Spleen in 7 

(3) Liver in 3 


VIII Intiapentoneal mocnlatwn of wts on deficient diets zutth lllOt/t 
usual dose of rat leprosy emulsion 

Nine rats on deficient diets were inoculated by the intraperitoneal route- wt 
llOth the usual dose of rat leprosy material 6 animals were subjected to nos 
mortem examination and all were positive 5 were on a Vitamin A-free^di 
and 4 m a diet of stale fish aad nee The m.mmum penod after mLlafic 
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Table H gncs the reactions of 35 different cups of lymph immediately afte" 
preparation * Results obtained A\ith each lymph on children arc also shown by 
means of the insertion success rale The case success rate was cent per cent 
in every instance The reactions show a considerable range on the alkaline side 
but the majonty he between 7 4 and 7 8 The lymphs with a reaction not ex- 
ceeding 7 S appear also to ha^e gi\cn the best vaccination results 

The Ijrniph with a pH of 8 0 may possibl) have suffered from a slight excess 
of alkalinity but the results obtained in later experiment (Table V) do not al- 
togetlier support this inference 


Table I 

Showing the results of a senes of preliminary tests the some samples of 
lymph to test the acciuacy of the technique of the cantrifugahsation and 



Table II 

Showing tJip reactions of 35 different hatches of lymph after preparation together 
__ roUli the insertion success rate obtained on children 


Insertion 

Buccess 



Number of lymphs giving a pH 

of 




iaLG 01 

lymphs 

70 

7 1 

72 

73 

74 

76 

70 

i 

7 7 

1 

78 

1 

79 

80 

Total. 

100 
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4 

3 

1 

6 

6 
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m which positive findings were recorded was 13 weeks and bacilli were recovered 
from the following sites — 

(1) Prevertebral glands in 5 

(2) Spleen m 6 

(3) Liver m 3 

Conclusions similar to those in the parallel ‘ subcutaneous ’ series are suggested 
from these two small experiments, viz, that l]10th the usual dose of rat leprosy 
jemulsion inoculated mtrapentoneally is capable of producing lesions and that 
deficiencies in diet have no appreciable influence on the onset and course of the 
disease The absence of relationship between extent of leprous^ involvement of 
tissues and strength of original inoculation is again noted 

IX P(fcd{mg of rais on rat leprosy material 

A total of 30 rats was fed on rat leprosy material Of these 20 were on a 
normal well balanced diet while the remaining 10 were on a diet deficient m 
Vitamin A The number of feeds varied from three to nine and the duration 
of the experiment from 12 days in the former case to ten weeks in the latter 24 
of the 30 rats were subjected to post-mortem examination, and of this number 3 
proved positive after periods ofi 21, 31 and 51 weeks, respectively, following the 
last feed All 3 animals were on a full well balanced diet and each had had a 
total of three feeds only Bacilli were recovered from the following sites — 

(1) Spleen ih 2 

(2) Lower prevertebral glands m 2 

(3) Mesenteric glands m 1 

(4) Axillary glands m 1 

(5) Liver m 1 

Of the rats put on a Vitamin A-free diet, several survived till the twentieth 
week from the last feed but no lesions were detected This diet does not there- 
fore appear to favour the more rapid incidence of lesions after feeding 
experiments 

Marchoux and Sorel(2) also succeeded m producing lesions by feeding 
with massive doses they state that this route of administration may give rise 
to a primary lung infection without involving the cervical or jnesenteric glands 

It IS suggested that repeated feedings of healthy rats with heavily infected 
rat leprosy tissue may ^ve rise m a small proportion of cases and after an 
incubation period of at least twenty weeks to definite lepromatous lesions, but 
tlie fact that all three positive rats had had a total of three feeds only while others 
which had been subjected to a larger number of feeds (up to a maximum of 
nine) were consistently negative, urges caution m interpreting the results of 
this experiment It is possible, though rather unlikely (6), that all these animals 
were suffering from a naturally acquired rat leprosy infection the experiment at 
least demonstrates that the results obtained bv the administration of rat leprosy 
bacilli orally are very irregulai 
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The Rydi ogen-ion Conieni of Vaccine Lymph 


Twent)’ of the lymphs tested above were retested after varying periods of 
exposure to room temperature dunng the Madras hot weather (average maximum 
lemperatme about 98 4°F ) In tins table an attempt has been made to record 
the three factors concerned (a) The duration of the exposure in da 3 's (denoted 
by the figuies given in the bodr of the table, (b) The change m leaction between 
the first and second tests, and (r) The percentage loss m the insertion success 

TABLb III 


Shomug ihc change in ihc pH of 20 lymphs exposed fo looni tcmpoalurc 
{avciage 98 4°P ) for a vmying vninho of days ioqcthe) rwf/i ihe pneenfage 
loss in the mseitton success rate in caeh case 



The numbers in the body of the table refer to the days the lymph has been exposed Each 
number refers to a separate batch of lymph 


rate Eleven of the lymphs show changes m reaction not exceeding 0 2 in either 
direction These changes ate within the limits of experimental error and may 
therefore be neglected Of the remaimng 9 samples, however, 7 have deviated 
towards tlie acid side and only 2 towards the alkaline It would thus appear 
that there is a definite tendency for a l 3 unph when exposed to become more acid 
Unfortunately the effect of this aad formation on the vaccination rates cannot 
be gauged for otlier factors, espeaally the exposure to heat, have been more 
potent in causing degenerative changes in the lymphs and have thus obscured other 
possible relationships 

It should be noted that the reduction in the numbers of hvmg bacteria m 
the exposed lymphs was enormous (betiveen 100 and 99 7 per cent in every case) 
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X ScmificaUon of young lais with ta( leprosy inalciial 
Ten young rats (from one to three clays old) were scarified on the abdominal 
wall with rat leprosy material 9 of the animals were subsequently exammccl 
post-mortem and of these 3, which had survived for 40 weeks, 43 weeks and 56 
weeks, respectively, following scarification were found to have developed signs 
of the disease The negative nils were post-mortemed 20 weeks (3), 24 weeks 

(1), 29 weeks (1) and 30 weeks (1) after scarification Bacilli were recovered 

from the undermentioned sites — ^ 

(1) Site of scarification m 3 

(2) Inguinal glands in 3 

(3) Spleen m 3 

(4) Axillary glands m 3 

(5) Prevertebral glands in 2 

(6) Mesenteiic glands m 2 

(7) Liver in 2 

' (8) Lungs m 2 

(9) Omentum in 1 

In a tributary experiment in which scarification was combined with other 
modes of infection (viz , subcutaneous or mtrapcritoncal inoculation) the minimum 
period within which lesions developed was 12 weeks 

It IS concluded that scarification of j'oung rats may be followed after a long 
interval by the development of definite leprous lesions 


XI hwciclation of huinon leprosy maicual into tats 
Twenty-tliree rats w'cre inoculated wuth human Icpros)' material rich m bacilli , 
in 19 of these leprosy emulsion alone was emplojed, m 2, leprosy emulsion plus 
an equal quantity of wdiole blood from the bacillary donor and in the remaining 2, 
leprosy emulsion plus an equal amount of donor’s scrum 19 animals were on a 
full well balanced diet, 4 on a diet deficient in Vitamin A Post-mortem examina- 
tions were performed on 19 out of the 23 rats and bacilli w'crc recovered from 
sites at a distance from the seat of inoculation in 3 In all the positive animals 
the bacilli had been introduced by the mtrapentoncal route 2 were on a full diet, 
one on a Vitamin A deficient diet The periods wdnch had elapsed since inocula- 
tion were respectively 6 weeks, 15 weeks and 20 weeks and bacilli w'ere recovered 
from the following sites — 


(1) Prevertebral glands in 3 

(2) Spleen m 1 

(3) Left inguinal gland in 1 

«;maii bacilli recovered from each of the above mentioned sites was 

tion such Ts evidence of a generalised lepromatous condi- 

animals ” ^ inoculation of the rat leprosy organism into these 


of portions of fair f organisms were recovered Inoculations 

resute ““ '"to 2 "ats gave negative 
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The same lciiclcnr\ In become acid is soon iii Kmplis wliirli Ii.i\e been subjected 
to chloiofoim \apom tm puipose ofb.ulni.il pin ifiralioii ('I'abU IV) Tlie 
Ivinphs ba\c been tested afici 2\, 'i. 7\ and 10 ininnles' c\posnu lo ibc \aponi 
Out of Ibc 10 hmpbs so tested the final pTl in 1 did not diffei moic than 0 2 
from the prnmn icaction in the 2 The leaclion w is moie ilK.dine and in A M 
was more acid Dining the 2\ and a nnnntc peimds ilu swing low aids the aii-l 
range is especially noliecalih 'Phe changes appeal lo he ven snnilai lo Ihosc 
observed m-thc hmphs whuh weie exposed lo loom tcmpci.itine hnl liaae 
occurred m a \ci\ much shoitei time In hoih lascs the icdiulion m the Ining 
bacteria was \eiy consideialile It is tlins a question whclhei the acid foimation 
ina\ not be due to tlu bactciial destinction The e\ idenee lironglit forwaid at 
present, how c\ Cl is nisiillKient to jiioxe that this is tin cause 

The second seiics of expci inienis u.is nndei taken on dill ei cut lines \ 
single batch of htiiph whieh w.is known to he potent w is taken and its re.ution 
was aitificially adjusted to a plT of 4 6, 8 and 10 
Portions of it w'cic then stored for 4 weeks at v.irving conditions of tempera* 
ture, I c , and 98 4°F (room tempciatnic) and tested ptrmdicalh for 

' potenej 

Children were not used for the tests in this case .is it w'as thought that there 
would be too mnnv failuies lo jin-tifi tins procedure 1'hc routine vcsiculatio.i 
rate test* on cahcs w'as utilised instead 'Pbe dilutions of the hmph iiscd in each 
case were 1 — 10 and 1 — 100 Tliesc arc shown m the tables as numerators and 
denominators 

The results of this expennicnt are gnen in Table V 

The samples adjusted to pH 4 0 and jiTT 10 0 ha^c given negative results 
under all conditions showing tliat these extreme ranges of acidity and alkalinity 
have rapio’y destroyed the vaccine Miits 

The sample with a slighti) acid reaction (pH 6 0) has given some results 
up to the third w'eek when stored at SS^F hut at the higher temperature, the vinis 
has deteriorated rapidlj and died 

The sample adjusted to pIT 8 0 has given the best results under all conditions 
It shows little or no difference w'lth the control (pIT 7 4 to 7 5) wdien stored at 
55 F and is definitely more resistant lo adverse conditions of temperature 

In ever)^ case the percentage i eduction m the numbers of bacteria was very 
high (Table VI) 

These experiments show that the ^accmc virus is very susceptible to even 

s igit d^ees of acid whereas it is much more tolerant and in fact sinwives best, 

conditions, when the reaction is definitely alkaline 

sho to our first series of experiments, however, the majority of lymphs 

sflvo ^ ^^’jFe swung towards the acid range when subjected to storage or to 
‘'idverse conditions such as heat 

fore thaT^n^^'^ absolutely fresh w^e consider that our investigation shows, there- 
point wlnrii s^'npes of lymph should have their reaction carefully adjusted to a 
^ definitely alkaline, sav pFI 7 6 to 7 8 

^ ~ — - - — _ \ mm I , Him 

er of vesicles per inch obtained with a given dilution of the lymph 
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Rat Lepiosy 


It IS concluded that after inoculation of human lepra bacilli by the intraperi- 
toneal route organisms can occasionally be recovered from the prevertebral glands, 
the inguinal glands and the spleen This occurrence is, however, relatively rare 
and in no case does anything in the nature of a generalised lepromatous infection 
occur 


XII To test the possible .effect of Calmette’s BCG culture tn 
protecting against subsequent infection with i at lepiosy 

O Twenty rats on full diet were inoculated with Calmette’s BCG culture 
followed by inoculations (subcutaneous and intrapentoneal) of rat lepros} 
bacilli at intervals of from 12 days to 3 weeks thereafter 10 animals were 
subjected to post-mortem examination and all showed evidence of infection, lesions 
being discovered in one case as early as the second week following inoculation 
3 of the positive animals had been inoculated with rat leprosy suspension sub- 
cutaneously, the remaining 7 intrapentoneally The frequency of involvement 
of the different sites was the same as in the control group 

It is concluded that Calmette’s BCG culture has no effect in protecting 
against infection when rats are subsequently inoculated with rat leprosy by the 
subcutaneous or intrapentoneal r'oute 

XIII The effect of inoculation of human and lat leprosy on the 

Chinese hamstei 

Ten hamsters on full diet were inoculated subcutaneously with human 
leprosy and 8 with rat leprosy (the latter by both subcutaneous and intrapen- 
toneal routes) 7 animals from the former group including 3 which survived 
till the sixteenth week following inoculation were subjected to post-mortem all 
were negative The same result was found in an examination of 7 animals from 
the latter group including 2 which survived till the fourteenth week 

It is concluded that the Chinese hamster is not highly susceptible to either 
human or rat leprosy and that recognisable lesions do not develop before at least 
the sixteenth week in the case of the former or before the fourteenth week in the 
case of the latter 

XIV The effect of heat on tat leptosy bactih 
Tissue rich in rat leprosy' bacilli was heated at 60°C for periods of from 
5 to 25 mimjtes and then inoculated into ten rats All the animals with one excep 
tion were killed between the twent>-fourth and twenty-seventh weeks lesions were 
found in all except those inoculated with mateiial heated to 60°C for 25 minutes 
Contrasted with the controls, there were remarkably few lesions in rats which 
had been inoculated ivith heated material considering the length of hme that had 
elapsed between the dates of inoculation and death however, there was no 
correspondence between duration of heating and extent of lesions 

It IS concluded that exposure to a temperature of 60°C for 25 minutes or 
longer is letljal to rat leprosy bacilli T^Iarchoux and Sorel(2) found that the 
rat leprosy bacillus when expo'-ed to a temperature of 60“ C will survive for 
fifteen minutes 
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The Eydi ogen-ion Content of Vaccine Lymph 


In this way the possibility of deterioration owing to the formation of aad 
during storage or exposure would be effectually removed 


Table IV 

Shoivwg the change in the pH of 10 lymphs after exposure to chloroform 

vapour for varying periods of time '' 

Exposure to chloroform vapour m minutes 


Change in 
pH after 
chloroform 
mg 


Alkaline 


No change 


Acid 



mm 



HHI 


■HR 

HQumiii 

hhsi 

BHH 


HBBi 

Hi 

Hi 

hhh 


aaa 

«■ 

PHI 

hhi 





hrhi 

■HI] 

n| 

HHI 

mm 


■Hi! 

I^BR 

liQlHHi 

mm 


hhII 

HSSBi 

iSH 

BSli 

HI 

HHH 

HBl 

Hi 

mm 


HHi 

■HI 

Hi 


mm 


HHII 

BH 

mm: 

HHH 


HHI 

Hi 

mm 

HHI 




wm 




ToTai, 


In this chart the same numbers refer to different tests on the same lymph 


Summary 

1 The chemical reaction of vaccine lymph prepared and stored under tropical 
conditions has been investigated Glycerinated lymph was used for the tests 

2 Dialysis and centrifugalisation were used to obtain a clear fluid for test 
purposes 

3 In 35 freshly prepared batches of lymph the pH varied between 7 2 and 
8 0, the majonty lying between 7 4 and 7 8 

After exposure to room temperature (98 4°F ) for varying penods, the 
majonty of lymphs became more acid There was at the same time a great 
reduction m the numbers of bacteria 

4 The same tendency to an increased acidity was seen after the lymphs 
were treated with chloroform vapour for punfication purposes 

5 When the reaction of different samples of the same batch of lymph were 

artificially adjusted to pH 4, 6, 8 and 10 and then stored at and room 

temperature (average 98 4°F ) for different periods of time, it was found t at 
the sample whose reaction was_ adjusted to pH 8 0 gave the best results 
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XV The effect of pie^cniafion of tot Icpto’^v bacdlt oni^tde the body 
Portions of tissue containing numerous rat leprosy bacilli were 
for varying periods of time (var>mg from 24 hours to 8 days) outside tli > 
at room temperature prior to their inoculation hy the suhcut.mcnus and mtrapcri- 
toneal routes^mto 14 rats All the animals died or were killed at periods betwcci 
m and 2S\ weeks and m all lesions were found again there was no precise 
relltionship between length of tune of preservation and extent of lesions subse- 
quently developed 

XVI InocnloUon of Japanese doucuu} mice with human leprosy bacilli 
Nine Japanese dancing mice weie inoculated with human leprosy emulsion 
by the intravenous, intrapcritoncal and suhcutancous routes 'J'liis nas an 
attempt to repeat the work of vSugai(9) who claims to h.ivt produced s]ireading 
lesions in 18 out of 24 such animals Post-mortem examination was performed 
on 6 ot the mice, but all were negative including 2 which had surcued for periods 
of 171 and 18 wrecks follow mg inoculation 

In addition to the abo\e mentioned investigations the following miscellaneous 

experiments were also carried out 

XVII Six rabbits w'ere injected with rat lepros} iiitraienoiish and mtra- 
pentoneaily one animal sunuved for 19 wrecks follow mg inoculation and in this as 
in tlie 4 others examined no acid-fast bacilli were found 

XVIII Three rats were gnen subcutaneous and intraperitoneal inoculation 
of a one per cent solution of trypan blue for histological purposes 

XIX Six rats were inoculated (3 subcutaneously and 3 intrapentoneally ' 
with material from a suspected case of rat leprosy m a human being Of these 3 
were subjected to post-mortem examination Death of the animals occurred at 
varying inten^als betw'een 2 days and 27 w'ceks followung inoculation but no acid- 
fast bacilli were recovered 

XX Two white rats were injected w'lth rat spleen material from an animal 
wlncli had previously been inoculated with human leprosy Both animals w'erc 
killed after 25 weeks but no acid-fast bacilli w'ere recovered 

XXI On account of the striking results obtained lately (Muir) (8) b\ the 
use of potassium iodide in human leprosy, a small experiment w-as performed to 
test tile effect of this drug on rats infected with the rat form of the disease 

rats were given potassium iodide daily for 14 days no febrile reactions com- 

waT small an'd ^ disease occurred The experiment 

accurate estimate oTT repeated , m particular a much more 

accurate estimate of dosage relative to body weight is required 

g.st, iht Wasslm'ann ™ ^ ® ^ ^ ^ Serolo- 

16 were healthy and 18 hig% Tepro^Js 

. m all ^ reaction was consistently negatn^e 


The 'following experiments 


Q)c at present m pi ogress 


( n\ £T r . in VI 0 

kept on a diet o! “tale fishan'r me " Tht «« 
by the subcutaneous and by the intrapentoneaUouS" 
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TabIvU V 

Shmving the kecpmg proposes of sample: of the same hatch of lymph artificially 
adjusted to diffcient icaciions and exposed for four weeks to 55° P and 
room tcmpciaiurc avciage (94 S°P ) 


Temporattiro 
of oxposnro 


Ongi 
nnlly 
adjus 
tod to 

1 

rH AT 

END OP 

Dilu 

tion 

Vesiodlation hate on 

CALVES AT FND OF 


Iflt 

wcok 

2nd 

^^cok 

Srd 
j wook 

4tli 

nook 

Ist 

^\ook 

2ii(l 

vook 

3rd 

wook 

4th 

V oek 



1 ^ 

4 

46 

46 

4 6 

1-10 

0 

0 

0 

0 





1-1000 

0 

0 

0 

0 


Expt 

0 

1 

1 0 

6 

0 

0 

oto 

Cont 

0 10 

3 95 

0 


0 

0 

0 78 

0 

66°F 


8 

8 

8 

8 

s 

etc 

Cont 

46 

47 

2 26 







1 3 

0 19 

0 18 

0 



10 

; 10 

1 

10 

96 

etc 

0 

0- 

0 

0 

0 

0 

0 

0 


Control 


i 

1 

76 

74 

74 


Cont 

Cont 

4 2G 

40 









' 1 

02 

0 18 

0 



4 

4 

1 

4 

4 

46 

etc 

0 

0 

! ^ 

0 I 

0 

0 

' 0 

0 


Expt 

6 

6 ' 

6 

6 

6 

ot-c 

22 

0 

0 

0 







0 

0 

0 

0 

Room t«mp 

94 8°r 


8 

8 

8 

8 

8 

etc 

Cont 

101 

0 

0 







0 7 

02 

0 

0 



10 

10 

9 

10 

96 

etc 

0 

0 

0 

", 0 

0 

0 

0 

0 


Control 


76 

76 

76 

73 

etc 

2 1 

0 

0 

0 









0 

1 

0 

0 

0 


^^ivcaugauon snows that thero ^ 

tropics to become more acid on storage or exposure 

has a deletenous action on the vaccine virus^we re ^oi-mation, of acid 

each batch of lymph should be carefully admTted 

alkaline, say pH 7 6 to 7 8, to guard aZnstdJ^ \ definitely 

b express our indebtedness to 

slb^h'^Tvfu^ Sundaram, m sc (Calcutta) Chem^T^r'"^ 

Saheb Mohamed Omar Sahib First ’ Chemical Assistant, and by Khan 

Prevent. Me*™, el 'et 
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(b) The effect of simultaneous inoculation of rat leprosy suspension and 
of serum from a rabbit which had previously been repeatedly inoculated with rat 
leprosy bacilli intravenously 

(c) Philibert (10) suggests that the mouse is likely to prove suitable for 
inoculation of bacilli of human origin since it can be infected artificially with 
the bacillus of Stefansky and yet does not suffer naturally from the latter 
organism, being thus free from the sources of fallacy to which the sewer rat is 
liable A series of English mice has been- inoculated by the subcutaneous, in 
traperitoneal and intravenous routes with a suspension of human leprosy bacilli, 
in order to elucidate this point 

(d) In order to estimate, if possible, the minimum effective dose of rat 
leprosy bacilli, 10 rats on a full diet have been inoculated subcutaneously with 
1|100 the usual dose of rat leprosy suspension as estimated by the opaaty tube 
method 

(e) Tissue rich In rat leprosy bacilli has been kept at cold room tempera- 
ture (approximately 36° to 44°F ) for 24 hours prior to subcutaneous inoculation 
into 3 white rats 

(/) Attempts are being made to cultivate the rat leprosy bacillus m vitro 
Various media have been used, both liquid and solid and attempts have been made 
V to grow the organism at room temperature and at incubator temperature under 
both aerobic and anaerobic conditions So far all efforts have been negative 
acid-fast organisms have been found on certain media as late as 4 months after 
implantation of the original piece of rat leprosy tissue but until now all attempts 
at subculture have proved negative We, therefor^, conclude that the presence of 
the bacilli as noted above represents a mere process of survival 

(g) In connection with various experiments on monkeys we had occasion 
to inoculate rat leprosy material both by the subcutaneous and by the intraperi- 
toneal routes into 3 of those animals all of them died at intervals of from 8 to 
16 weeks after inoculation with signs of marked generahsed tuberculosis The 
presence of this infection was confirmed by animal inoculation into guinea-pigs 
This experiment is being repeated 

(/i) The series of changes which occur m the skin of the rat following 
subcutaneous inoculation of rat leprosy material is being studied Portions ol 
skin are removed by biopsy at definite intervals after inoculation interesting 
results are being obtained which may possibly throw light on the pathology of the 
naturally acquired human infection It is hoped m due course to make this 
investigation the subject of a separate paper 


Smninaiy and Conclusions 

(1) Rats can be infected with rat leprosy by the scarification, subcutaneous 
and intraptritoneal routes of inoculation In connection with the two last men- 
tioned routes, spread of the infection has been demonstrated as early as about 
the third week following inoculation, while microscopically evidence of cellular 
proliferation at the site of a subcutaneous inoculation has been detected as early 
as the eighth day thereafter 
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(2) The infrequency of lesions within the kidneys and the siiprarenals has 
been commented on and the occasional production of granulom.itous tumour-hke 
masses after the intraperitoneal loute of inoculation has been noted 

(3) Increased virulence of infection docs not occur in rats fed on Vitamin- 
deficient diets, or on a diet rich in jirolcin-dccomposition jiroducts 

(4) Lesions can be produced in a small number of cases after feeding rats 
with infected tissue but the incubation period is a long one and the results are 
capricious 

(5) No lesions comparable to those seen in the rat have been obtained in 
the monkey, the rabbit or the Chinese hamster after the inoculation of rat lepros} 
material 

• (6) Rat leprosy bacilli are rendered non-virulcnt by exposure to a tempera- 
ture of 60‘'C for 25 minutes or longer 

(7) Inoculation of human leprosy material into rats, Chinese hamsters 
and Japanese dancing mice gave completely negative results 

(8) Calmette's BCG culture has no clTect in protecting rats against 
subsequent infection with rat leprosy bacilli 
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The account given below of the method of feeding Phlebotomus mgcnlipcs 
IS not an attempt to give an exact and detailed description of the physical 
mechanism of feeding in this insect, as this would entail a study of the sum 
total of the actions and interactions of the various tissues, muscle, nerve, chitin, 
etc , involved in the process, a study wc have had no time or opportunity to 
make Rather, it is an attempt to give a general descnption of the act of 
feeding, with special reference to its bearing on the possibility of transmis- 
sion of kala-azar by this insect 

In studying this question two methods have been employed by us f«) obser- 
\ation of the living fly in tlie act of feeding, and (b) the study of micro- 
scopical sections of the fly fixed in situ m the act of feeding, and with its 
proboscis embedded in the skin The results of these observations will he' 
considered separately below 


The Living Fey in the Act oe Feeding 

TccJwiqiie— For easier observation the flies were fed in tubes on expen- 
^mental animals instead of in muslin cages as is usually done The animal 
mouse, or rabbit, was tied to a board and its abdomen shaved clean The flie<: 
were tlien liberated directly on to the feeding surface by inverting the tubes coin 
taming them on to the skin Once the flies had commenced to feed the 

! 827 ) 




828 The Method of Feeding Plilebotomus argentipes 

could be removed for better observation Observation was by the naked cye^ 
hand lens, microtelescope, or binocular microscope according to the magnification 
necessary It was found an advantage to employ flies ready for a second or 
subsequent feed, as they feed more readily under such conditions than those 
having their first meal, and for certain observations, to use, in preference, flies 
which during oviposition had got their wings moistened with water resulting in 
their sticking together In such a case the wings are stuck together above the 
body of the fly and so do not obscure the entry of blood into the alimentary canal 

The Method oe Feeding 

SelecPnm of a site for feeding — If the fly ,is going to feed one finds that 
as soon as it is liberated on the skin it begins to quest, with a short jerky pro- 
gress, all over the surface within the limits of the containing tube, giving the 
impression that it is searching for a suitable place at which to feed That this 
IS probably the case seems to receive corroboration from the fact that the fly 
here and there makes tentative punctures, sometimes continuing to feed at the 
first site selected, but often withdrawing its proboscis at once and making trial 
of several more sites before one is finally found to its satisfaction 

Position token feeding — As the fly thrusts its proboscis into the selected 
site on the skin it makes its position as secure as possible by spreading its legs 
widely on all sides, the result of this manoeuvre being to bring the body of the 
fly much closer to the skin on which it is feeding At the same time, owing to 
the fact that in feeding the head and proboscis of the fly make an angle of at 
least 90 ° with the thorax, the body of the fly lies practically parallel to the 
surface of the skin The wings, in feeding, are always spread out horizontally 
over the body and legs This attitude, charactenstic of feeding, with wingi 
and legs widely spread, and body nearly flattened on tlie skin, is the very anti- 
thesis of the normal appearance of the fly It gives the impression of a limp 
and exhausted insect witli sagging limbs which cannot properly support it, while 
the normal appearance is one of extreme alertness as though the fly were on 
' tip toes ’ 

The antennae, as a rule, are held well up in the air as though being inten- 
tionally kept out of the way of the parts occupied in feeding They make a 
comparatively small angle between them and, although straight, have a strong 
lesemblance to the horns of a black-buck 

The maxillary palps appear to he on the skin laterally, making a very wide 
angle between them Tfiey may even he at right angles to the line of the body 
and usually present a slight curvature with its convexity anteriorly The 
piercing organs are actually thrust into the skin to a deptli considerably 
exceeding half the length of the proboscis and, owing to the comparative short- 
ness of the latter, the head appears to be very closely applied to the surface of 
the skin The position and shape of the labium in feeding* are very charac- 
tenstic The two apical segments are spread out upon the skin at an angle 
as wide as thear attachments will allow, and one cannot help comparing tl^em 
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Biochemical Observations on the Blood 
The total nitrogen of the blood has been estimated by Kjeldahl’s process 
1 cc of oxalated blood being taken in every case for the inaneration witli 
Merck’s pure sulphuric acid The catalyscr used was copper sulphate 

The protein content of the blood was calculated from the estimated total 
nitrogen, deducting the value of the non-protem nitrogen from that of the 
total nitrogen 

Table IV 

Shmtnng ihc Mon-protan mlrogcn and the protein content of the blood and serum 
in eases of epidemic diopsy — in gramnws per 100 c c of blood 


Number 

f 

Total nitrogen 
of blood 

Non-protein 

nitrogen 

Blood proteins 

Total nitrogen 
of serum 

Serum protein 

1 

14 

121 

86 

1 


2 

224 

035 

13 7 

14 

75 

1 

3 

2 52 

0283 

15 37 



4 

219 

028 

13 57 



5 

-238 ^ 

035 

12 79 

12 

725 

6 

2 47 

042 

1517 

994 

59 

7 

154 



112 


8 

161 

035 

796 

938 

564 

9 

252 

028 

17 57 

105 

637 

10 

252 

\ 

028 

1757 

112 

681 

11 

224 

1 





12 

21 

0246 

12 7 

105 

6 37 

13 ^ 

23 

0302 

13 68 

112 

6 81 

14 

18 

0236 

10 6 

966 

5 89 

15 

232 

0336 

142 

134 

812 

16 

219 ! 

0224 

13 5 

994 


17 

237 

028 

1462 

112 

681 

18 

245 

0286 

15 2 



19 

193 



961 


20 

22 

036 

13 51 

105 

6 31 

21 

14 

025 

856 

938 

57 

22 

T 

21 

024 

1293 

952 

58 


L MR 
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From the results of the estimations it will be fO'Und that the total nitrogen 
and consequently, the protein value are much below the noimal In Europeans, 
the normal total nitrogen vanes from 3 to 3 2 per cent and in Bengalees, as has 
been found by the writer, it is from 2 8 to 3 per cent In this condition, the 
maximum figure obtained is 2 52 pei cent and the minimum 1 4 per cent 

The total nitrogen of the serum has also been estimated by the above process 
Though in some cases, the value has gone down, m most cases, it is near about 
the normal This fact shows that in spite of the anaemia and hydrsemia the 
serum proteins retain the normal value and also it is evident that it is the 

diminished number of the erythrocytes that is mainly responsible for the 

diminished total nitiogen value 

The non-protein nitrogen content of the blood was estimated in the same 
way as the total nitrogen from the filtrate obtained after precipitation of the 
proteins with 5 per cent trichloracetic acid In normal conditions, the value of 
the non-protein nitrogen varies from 02 to 042 per cent and it will be seen 
from the findings that they keep fairly to the normal in these cases The usual 

pathological condition in which the nitrogenous metabolites, i e , the non- 

protein nitrogen, are retained, in the blood, is when the fiinchonal efficiency of 
the kidneys is impaired In epidemic dropsy the renal function remains intact 
In the course of this investigation numerous samples of urine have been examined 
and nothing has been found to suggest renal involvement The only abnormality 
that can be detected in many of the samples is the marked reaction for indican 
This is, of course,, as might be expected, since intestinaf trouble is a common 
feature of the disease 

The urea content of the blood has been estimated by Marshall’s process 
with urease The urease used in these estimations has been isolated by the 
writer from the seeds of a very common bean found in Bengal, known as 
‘ makham sheeiti ’ The enzyme activity of the isolated urease has been found 
to be even better than that obtained from the soya-bean From the findings 
given in the Table V, it will be seen that there is not much variation from the 
normal values 

The ‘ creatinine ’ content of the blood has been estimated by the Folin’s 
method, and the figures obtained do not show any pathological deviation 

The only abnormality suggesting retention of nitrogenous metabolites is 
the high figure obtained m the uric acid values They were estimated by 
Benedict’s modification of Folin’s method H'he normal uric acid content of the 
blood, as IS found m text-books, is 2 to 3 mgs per 100 c c of blood The 
usual diet of Bengalees, as compared with Europeans, is relatively very poor m 
punn bodies One would therefore naturally expect rather lower values in the 
uric acid content, but it is rather peculiar that much higher values are obtained 
even in severer cases In these cases the absence of renal involvement, the 
reh*l^ely poor punn diet and the absence of any data suggesting an extensive 
breakdown of the nuclear material of the body cells, makes it very difficult 
to decide if the figures obtained really represent uric acid Whether it is due 
to any fault in the technique or to the presence of something producing colour 
m the reagent similar to that of the uric acid, is very difficult to say In some 
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to large flat feel takmg as firm a stance as poss.ble They form the two sides 
of <i wide angle between winch the piercing structures of the proboscis enter 

the skin 

The labmm, at the junction o{ its upper third and lower two-thirds, is bent 
posteriorly in the middle line to at least a right migtc, but, when the P»-obosci, 
IS fully thrust m, the angle is an acute one and in some cases the upper and the 
lower parts of the inner surface of the labium may be closely approximated to 
one another It is quite endent that one of the functions of the labium, with 
Its firmly planted apical segments, is to steady the delicate piercing organs and 
to support them during the more violent movements performed in the process of 
feeding The labium appears also to have a tactile function as flies, before 
feeding, are often seen to feel the surface of the skin with the lalmim as though 
selecting a suitable site to pierce 

The entry of blood mto the alwientaiy canal — As soon as the flow of blood 
commences it can be seen through the lateral walls of the thorax, which are 
almost entirely naked, as a band of pink colouration extending towards the 
abdomen This colouration can be seen m the thorax as long as feeding is 
continued As the blood reaches the abdominal part of the alimentary canal it 
can he seen gradually to fill the midgut from before backwards In appearance 
It IS of a much darker colour at first than the pmk colouration seen in the 
thorax As the filling of the midgut extends backivards the walls of the gut 
become greatly distended to contain the blood meal until the whole abdomen 
appears bloated and of the colour of a red currant This change from the 
darker colour of the earlier stages of feeding is undoubtedly due to the 
stretching of the abdominal parietes, which renders them more transparent and 
allows the blood to shine through more distinctly As soon as feeding is com- 
pleted the fly rapidly withdraws its proboscis m one movement If it is now 
examined it will be found that all the blood is contained within the abdominal 
portion of the midgut and that the thoracic portion is clear 

The whole time occupied in feeding, from the commencement of the flow 
of blood into the thorax to the- full repletion of the fly, is comparatively short 
and may vary between two and five minutes On the other hand it sometimes 
happens that the fly may remain for a long period with its proboscis thrust into 
the skin before there is any sign of the flow of blood into the fly Once this 
commences, however, the process seems to be completed without further delay 

Flies are somehmes found to imbibe, not blood, but a pale yellow hquid 
which distends the abdomen m a similar manner to an ordinary blood meal 
This appears to be a serous fluid obtained from the wound and the cause of it 
IS not known as such flies show no abnormality m the proboscis sucli as might 
prevent the ingress of red blood cells ^ 

It has always been considered that dnnng, and immediately after the act 
of feeding there is never any voiding of faices by the sandfly, such as occurs 
m the case of fleas and some other insects, this act not being oerformed 
rule, until two or three days after the, blood wmI 'Ui, ^ ^ rformed, as a 

found to be quite erroneous A fly mft e act of wj ' “T"™ ” 

ny in the act of feeding can be conveniently 
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observed with a sufficient degree of magnification by means of a liinocular 
microscope if the tube be detached from the stand and tisetl in the hands The 
course of events is somewhat as follows — r 

Soon after feeding has commenced, and after some blood has entered the 
antenor end of the abdomen, the anal oiifice of the fly is seen to distend and 
a drop of opalescent fluid appeals and is discharged As feeding continues, and 
the blood fills tlie abdomen, many moie droplets of fluid are, at frequent 
intervals, ejected from the anal onfice The droplets subsequent to the first 
are clearer tlian the latter and present only a slight opalescence They are 
ejected witli such considerable foice that they come to he on the skin of the 
experimental animal at a distance of from one and a half to twice the entire 
length of the fly Here they form minute raised droplets on the skin showing 
little tendency to spread out During the course of feeding as many as fifteen 
or moie such droplets may be ejected As the fly sometimes inserts its proboscis 
m more than one place btfoie it is completely fed, it necessarily changes its 
orientation in the dffierent areas it occupies and it would be quite easv for some 
of the droplets to contaminate the wounds made by the proboscis or even to 
be discharged directly on to them As there is usually no development of 
L danm’am in the hmdgut of the fly it seems unlikely that the habit of the fly 
here being discussed can bave anv bearing on the transmission of this parasite 
The only way in which tins might possibly be effected would be for the forms 
of L doiimwii present in the midgut of the fly — and such forms are always 
present — gradually to be pushed posteriorly by the advanang blood and eventu.nlly 
ejected in some of the droplets of fluid Oui atteinjits to obtain stained 
jireparations from tha fluid of the droplets have never resulted in the demon- 
stration of any forms of L donovaui 


(JBSCRXATIONS mOM tslCl'lOAS Of I'ULS HMD IX Sll'U IN 

THp Act OB' FiiEDiNG 

Technique — The object aimed at was to obtain preparations in whicli the 
fl}', actually m the act of feeding on an animal, was instantly killed and fixed 
111 situ with its proboscis embedded in the skin From such prejiaiation^ 
microscopical sections, through fly and skin combined, were jirepared Fot 
convenience in handling, as wefl as for economy, small animals are to b; 
pieferred, and we always utilised white mice 

The descnption given below indicates the essential steps in the tecliniquc 
in their proper sequence and, where necessary, explanations of the various steps 
are given 

1 The mouse is tied on its back to a small board by its four legs, and 
the abdomen is shaved, using water only without soap 

2 A test tube containing the fly is inverted on the abdomen of the animal 

3 As soon as blood is seen (by use of a hand lens) to be entering tl^ 
fl\ there is dropped on to the lattei , by means of a long capillary pipette provi e 
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with a ruhhci teat, one drop of the tollowinf; fixaUve, which should he freshly 
prepared 

Absolute alcohol 1 

Chloroform j 

Glacial acetic acid 
Mercur} pei chloride to saturation 


The fixative should he dropped directly on to the (!>, the end of the pipette 
bein- steadied b> the left hand, from a height of not more than one centimetre 
If not dropped directly on the fl} the lattei will withdraw Us ]irol)oscis even 

though it be killed 


4 Without any delay one delivers on to the flv fioin another pipette a 
drop of fresh egg albumen mixed with not iiioie than Us own \oluiiic of 
distilled water, the mixture being prepared b> shaking with beads 


5 vStill without any loss of time, the mouse on Us bo.ird is slowly coin 
pletcly immersed in a vessel ot freshly prepared Blcs fluid 


70 per cent alcohol 
40 per cent formaldehyde 
Glacial acetic acid 


90 c c 
7 c c 
3 c c 


This ininiersion should be cairied out in a deep vessel containing enough 
of the fluid to allow' of complete immersion of board and mouse 

With a ra7or tw'o <leep tiausverse gashes into the bod\ of the mouse aie 
made about half an inch above and below the site occupied bv the fly 'Plir 
senes a threefold purpose («) It immediately kills the mouse (b) By 
slopping the local cii dilation, it pi events tin cxirriagc aw'ay by the blood of any 
parasites inoculated by the insect should U be one capable of causing disease 
by Us bite (c) The immersion causes coagulation of the albumen and so 
lirinly fixes the fly m Us place In this lattci respect the pievious fixative w'ould 
be preferable and is only replaced by the Bles fluid on the scoie of economy 
since a large bulk is needed' 


6 V large piece of the whole thickness of the abdominal wall of 'the 
mouse, w-ith the fly m its centre, is removed to a smaller vessel of Bles fluia 
and, by means of fine scissors and forceps, a very small piece contamuig the 
fly is cut out and put into a small vial of Bles fluid Previous to this the fly 
may, if so desired, be still more firmly attached to the skin by allowing a few 


/ The tissue, wuth fly attached, is kept m the fixative for 12—24 houis 
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8 It IS then passed into clove oil until clear, when it is transferred to 
celloidm dissolved m clove oil In this it remains a minimum 'of three days but 
may be kept for some weeks 

9 It is then subjected to the process of double embedding m celloidm 

and paraffin ^ 

10 For the most intelligible results, longitudinal sections should be cut 

Note — The essentials for the fixative used to drop on the fly are that it 

should instantaneously kill it as well as act as a fixative The former purpose 
IS best served by a fixative which causes immediate apd complete wetting For 
this purpose the Bles fluid, which contains no absolute alcohol or chloioform, 
IS not suitable Certain other fixatives such as Carnoy’s fluid may be used, but 
the one recommended has been found the best, and has the additional advantage 
that the mercury present causes a very rapid coagulation of the egg albumen 
subsequently put on the fly 

Description of a median sagittal section tJuough fly and skin Position of 
fjy — The body of the fly lies approximately parallel to the surface of the skin 
(Plate TXIX, fig 1) 

Depth of insertion of pieicmg organs — These are inserted to a depth 
somewhat greater than half the length of the proboscis The actual depth or 
insertion is greater than that shown in the microphotographs because in the 
process of fixation the tissues of the skin undergo a certain amount of shrinkage, 
a defect to which the rigid chitinous structures of the proboscis are not subject 
(Plate LXIX, fig 1) 

Depth of itssu-e pencti ated — It will be seen from the illustrations that the 
epidermal layer of the skin is of fairly uniform thickness except where the 
hair follicles extend into the deeper areolar tissue The fully inserted piercing 
organs may extend into the tissues to a depth of at least six times the thickness 
of the epidermal layer Tins degree of penetration enables them to reach the 
situation only of the smaller blood vessels as the larger vessels are chiefly 
situated at a depth greater than that reached by the bases of the hair follicles 
For the same reason the superficial muscular layer of the skin, as a rule, is not 
penetrated At the same time, in certain cases, where the skin has been tightly 
stretched, we have obtained sections showing the tip of the proboscis almost 
reaching the muscular layer 

Method of obtaining blood — In certain cases we have seen the piercing 
organs actually to enter small blood vessels but we do not consider that, as a 
rule, the blood is sucked directh from such vessels We believe that what 
usually happens is that the damage done by the tips of the stylets to the 
capillaries and small blood vessels causes an extravasation of blood into the loose 
areolar tissue reached by them, and that this extravasated blood is then sucked 
up by the fly In a live animal the evidence of this extravasation of blood 
remains on the skin m the form of a small reddened area which may persist 
for some hours The condition described is well seen m Plate LXIX, fig ^ 
The apparent bubbles in the extravasated blood are, in reality, fat cells, as 
glance at the unaffected surroundings of the area will show 
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Flow of The enclosed candl through which the blood flows up the 

probosas has throughout .ts length h d.smeter which will allow the 
L least three red cells abreast even m its narrowest part This is well shown 
in Plate PXIX, fig 2 which represents the distal half of the proboscis 
the mouth proper of the insect to the distal termination of the pharynx, the 
same comparatively narrow channel persists and this is true also of the bucca 
cavity In the pharynx itself a different condition is found Here the channel 
commencing narrowly at its distal end expands and is widely distended at its 
bulbous proximal end, and a very thick column of blood can Ix. accommodated as 
will be seen from Plate LXX, fig 3 The membranous oesophagus, also, 
although normally narrow, has a considerable capacity for distension and a 
thick column of blood can flow through it into the midgut The midgut itself 
can, of course, be enormously distended 

Posiiion of parts other than the pwrcnig parts— Th\s has already been 
dealt with in the section on the living fly, and the only part which appears in a 
median sagittal section is the labium which has already been adequately dealt 
with Its position and shape during feeding are shown in Plate LXX, fig 4 


Structure of the canal through zvJnch blood passes up the ptoboscts 

Nitzulescu (.1926) has stated that Chnstophers, Shortt and Barraud (1926) 

m tlieir descnption of the anatomy of the head of F argentipes describe the 
canal through which the blood traverses the proboscis as being composed of the 
hypopharynx below and the labrum-epipharynx above, and he observes tliat 
this IS not really the case He maintains that the canal is formed by the over- 
lapping mandibles infenorly and the labrum-epipharynx supenorly This, we 
believe, is also the description given by-Grassi (1907) in the case of P papatasi 
of the position of the mandibles when at rest In this connection we should 
point out that Nitzulescu appears to have misunderstood to some extent the 
description and figures in the publication referred to [Christophers, Shortt and 
Barraud (1926)] In this account the description and figures apply only to the 
portion of the alimentary canal in the region pf the prestomum and not to 'the 
blood channel in the proboscis itself as seems to have been inferred by Nitzulescu 
In order to settle this point, siiice the position of the mandibles at rest might 
not be the same as their position during' feeding, it would be necessary to examine 
flies fixed in the act of feeding and while blood was actually passing up the 
proboscis This we have been successful m doing, and examination of cross 
sections of the proboscis gives a clear solution of the problem 


In such preparations the presence of the blood cells indicates clearly where 
the channel lies and by what structures it is bounded If sections made near 
the distal end of the probosas are examined it will be seen that the blood lies 
m a channel formed infenorly by the mandibles, almost completely overlannimr 
one another, and supenorly by the labrum-epipharynx (Plate BXXI fi/ 51 
If senal sections are now examined progressively m the direction of the'proximal 



Explanation or Platl LXX 

Approximately longitudinal section showing bulbous proximal 
end of pharynx containing a very thick column of blood 
Section showing position of labium in the act of feeding 
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Eventually the mandibles are widely sepaiated from one another and the mferioi 
wall of the blood channel is definitely foimed by the hypophai}nx (Plate LXXIf 
fi" 7) ^ consideiation of the lateral origin of the mandibles from the mandi- 

bular condyles will make it evident that the construction of the blood channel 
descnberl is the natuial lesult oi the anatomical relations of the various parts 
concerned So far as our obseivations m a limited number of flies go, the 
])Oint w'here the mandibles cease to form unaided the infenor boundary of the 
blood channel is situated ncai a point where a transverse plane w'oukl pass 
through the junction of the maxillaiy palps with the maxillae The actual 
point of separation of the mandibles may varv according to the position in which 
lhe\ ha\e been fixed in the individual fly, but the variation is within the coin- 
paratnel} shoit lange of 30 /t Owing to the longitudinal curvature and narrow- 
ing at the base of the mandibles the transition from a complete overlapping oi 
these structuies to their separation is comjiaratively abrupt and takes place within 
a distance of 50 /nn the longitudinal axis of the proboscis 


P.nARTNC OI Tlir PRrcgpDIKG DCSCRIPTION OP Tni, MhTHOD OP FpPDTNC OP 
P aigcniipc^ on Tni Transmission op KmvA-A7Ar 

Until actual transmission of kala-azar by the bite of P arqentipc^ has 
been obtained any discussion as to the inodiks opcraiidi by which the lesult is 
achieved must necessanly be confined to the domain of theory With this 
proviso however, our actual sum of knowledge as regards the conditions of .i 
hea\il\ infected fly comprises certain known tacts which would appear to justifv 
us 111 drawing certain tentative conclusions as to the manner in which the infec- 
tion IS com eyed to the mammalian host 

As the narrowest parts of the alimentary canal of the sandfly, viz , the 
parts in the prolioscis, the buccal cavity and the distal end of the pharynx, will 
admit of the passage of at least three red blood cells abreast, it follows that a 
single flagellate could always pass down the channel, should it contain a stationary 
column of fluid It is at least doubtful whether such a stationary'^ column of 
lilood ever exists in that part of the alimentary canal contained within the head 
and proboscis of the fly It is also doubtful if the flagellate could progress 
anteriorly were the alimentary canal empty since the channel in a great part of 
its length would then be collapsed 

The column of fluid in the alimentary canal when the fly begins feeding 
so far from being stationary probably sets in a strong current in a direction 
towards the midgiit The tendency of this would be to sweep individual 
flagellates m a posterior direction since the flagellates are not capable of swim- 
ming against a comparatively rapid current This can readily be proved bv 
w'atching flagellates in fluid medium m which artificial currents have been set up 

These considerations all tend to lead to the first conclusion we may form 
viz , that the entry of individual flagellates into the wound caused by the bite o 
P argenUpa is not likely to be an active process due to any volition on the part 



Cross section near the distal end of proboscis showing complete 
overlapping of mandibles to form mfenor wall of food 
channel Note blood cells in tlie lumen 
Cross section highei up the proboscis at point where the mandi- 
bles just fail completely to form inferior wall of food channel 
Note blood cell lying between the two mandibles 



835 


H, E Shoitt mid G. S Sivammath 


of the flagellates caused by chemiotaxis oi any othei cause its intioduction, 
,f It occurs, must be caused by some agency to which the active swimming po^^e 
of the flagellate affords no appreciable assistance 

Wiat applies to single flagellates m this respect applies with still greater 
fo.ee to groups or plugs of mutuall) adhering flagellates Such groups while 
potentially actively motile as legards their individual units have no power of 
co-ordinated movement as a whole in any given direction 


In am ^er} heavily infected fl> it will be found that the portion of thC) 
ahmentar)’^ canal antenoi to the oesophagus is practically blocked with a solid 
plug of flagellates (Plate LXXIT, fig 8) This blockage, while not alwa>s 
complete m the widest parts of the channel, defimtel) occludes, for all practical 
purposes, the nairow portions in the distal end of the phaijiix and m the buccal 
cavity Any chinks left between the flagellates m the narrower portions of the 
channel, nhile they might allow the passage of fluid, would prevent the entry 
of any considerable number of the solid blood cells 


Conversely, if a column of blood cells had eiiteied the proboscis they w'ould 
interfere with and probably prevent the evpulsion in an anterior direction of a 
solid plug of flagellates passively expelled by the fly 

The conclusion diawii from these coiisideiatioiis is that in the case of a 
very heavily infected fly where the antenoi parts of the alimentary canal con- 
tained m the head are filled with solid plugs of flagellates, the expulsion of these 
plugs anteriorly, by active muscular eftoits on the part of the fly, must precede 
a successful blood meal That tlie dislodgement of the plugs of flagellates must 
take place anteriorly is necessitated by the fact that the bulk of the flagellate 
growth IS vastly greater as it extends backwards from the buccal cavity and, 
as it IS practically continuous, pressure applied at any part of the channel b} 
muscular action would iiieyitably tend to expel tlie contents m an anteuor direc- 
tion where the resistance would be less 


The general conclusion to be drawn, then, would appear to be that if kala- 
azar be transmitted by the lute of 'P aigenUpcs, the infective material is likely 
to be m the form of a solid plug of flagellates and that this plug is introduced 
into the wound by an actiye expulsive effort on the part of the sandfly preli-J 
mmary to the taking of the blood meal 


It was in order to verify these conclusions in a practical manner that flies 

rlT L'" ‘ '“1* '"“"“""I ''y “ ■" nt'croscopital sections 

The difficulties m technique are considerable and have resulted in our beinn able 

preparations proved to he uninfertPrl r 

specimen certain bodies were noticed lying m theTs'suMlf 
animal at the side of the proboscis neatifs m i, f , experimental 

flagellates present in the mouth parts As the u ^ resembled the 

one or tivo individual flagellates m iron.v, ^ ^cies possible in identifying 

obvious we do not ivish to stress this m-stained areolar tissue are 

stress this finding, but we believe that if time were 
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available to practise and develop this technique some definite and conclusive 
findings would result The technique is also one which could be applied to the 
investigation of other insects conveying parasites by their bite such as mosquitoes 
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Tabi,U V 

Shmvmg the iwu-protein mtrogcn, urea, ‘ creaUnme‘ and mtc acid contents of 

blood in cases of epidemic dropsy. 


Number 

Sc\ ^ 

sJon-protcin 

nitrogen 

Urea 

‘ Creatinine,’ 

Uric acid 

1 

M 

021 

026 

0012 

• 

2 

M 

035 

028 

0014 

0037 

. 3 

M 

0283 



005 

4 

M 

028 

020 

• 

0034 

5 

M 

035 

025 


00389 

6 

M 

042 

028 

0013 

0028 

7 

F 


022 

0014 


8 

M 

035 

027 

0014 

! 

9 

M 

_ 028 



0047 

10 

M 

028 

022 

0013 

00348 

11 

M 


[ 024 

0012 

0028 

12 

M 

0246 ! 

023 


00364 

13 

M 

0302 

030 

0014 


14 

M 

0236 


0014 


15 

M 

0336 

022 

0012 


16 

F 

0224 


0012 


17 

' M 

028 


0014 

00436 

18 

M 

0286 

t 

024 


004 

19 

M 


022 



20 

M 

036 

025 

0014 

0044 

21 

M 

025 

018 

0013 

0044 

22 

M 

024 

029 

0013 

00348 

, 


of the cases both Folm’s direct method and Benedict’s modification have been 
tried with the result that though there was slight variation in some individual 
cases, the figures were consistently higher than normal 

It has already been noted from the examinations of the urine that marked 
reaction for indican is a common feature of the disease In the intestine, by 
putrefactive decomposition of proteins, phenols and indols are produced Tyrosin 
and phenyl alanine yield phenol compounds, while tryptophane yields mdole and 
sk-atole These substances in their passage through the body are oxidised and 
then are paired with sulphunc acid m the liver and are finally excreted in the 
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unne for the most part as the potassium or sodium salt of these bodies The 
indole which is only one ot the products of putrefaction comes out in the urine 
as potassium indoxyl-sulphate or indican Tyrosine and phenyl alanine give 

TabIvU VI 

Showing the glucose, chlorides and calcium content of blood in cases of cpidciuh 

dropsy 


Number 

Sex 

1 

Glucose 

Chlorides 

Calcium 

1 

M 

114 

56 

00609 

2 

F 

10 

502 

00957 

3 

M 

10 

49 

016 

4 

M 

i 

-n 

O 

CO 

Oil 

5 

M 


544 

0074 

6 

M 


527 

0078 

7 

M 


502 

0068 

8 

M 


567 

0073 

9 

F 1 

1 

627 

0082 

10 

M 

11 

59 

0074 

1 

11 

M 

105 

55 


12 

M 

125 

59 


13 

M 

135 


0082 

14 

M 

118 


014 

IS 

M 

12 

52 

014 

16 

F 


49 

012 

17 

M 

12 


Oil 

18 

M 

11 

532 

0082 

19 

M 

12 

55 

Oil 

20 

M 

105 


0078 

21 

M 


54 

015 

22 

M 


508 

014 

23 

M 

095 

55 

013 

24 

M 

10 

'52 

Oil 

25 

M 

11 

58 

013 

26 

M 

10 


0068 

27 

M 


52 

014 
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Explanation or Platc LXXII 

Cross section still higher up the proboscis at point where the 
mandibles arc completely separated and the inferior wall 
of the food channel is formed by the hypopharynx Note 
blood cells m lumen 
„ 8 Approximately longitudinal section through heavily infected 

P. argenUpcs, showing — 

P Proximal bulbous end of pharjmx blocked with plug 
of flagellates 

O (Esophagus in same condition 

D Commencement of diverticulum dilated with flagellates 
M Midgut dilated with massive growth of flagellates. 
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'Tabi,k VII 


Showing the calcium content of blood in epidemic dropsy and the result of calcium 

administration in such cases 


Number 

Sex 

Calcium — grammes 
per 100 cc. of 
blood 

Number of days from 
’’ the appearance of 
symptoms 

Number of days 
under calcium 

1 

M 

00609 

20 

0 

2 

F 

00957 

15 

4 

3 

M 

016 

About a month 

15 

4 

M 

on 

23 

8 

5 

M 

0074 

10 

0 

6 

M 

0078 

IS 

0 

7 

M 

0068 

12 

2 

8 

M 

0073 

About a month 

3 

9 


0082 

20 

0 

10 

M 

^ 0074 

15 

0 

11 

M 

0082 

10 - 

0 

12 

M 

014 

IS 

6 

13 

M 

016 

5 weeks 

18 

14 1 

M 

012 

10 

0 

IS 

M 

Oil 

IS 

4 

16 

F 

1 

0082 

23 

10 

17 

M 

on 

li months 

15 

18 

M 

0075 

11 

3 

19 

M 

015 

20 

8 

20 

M 

014 

23 


21 

M 

013 

IS 

5 

22 

M 

on 

3 weeks 

10 

23 

M 

013 

5 weeks 

15 

24 

M 

0068 

3 weeks 

0 

25 

M 

014 

3 weeks 

8 


case that had not had calcium in some form or otlier for some days The drug 
became a fashion even amongst the laity The estimations m tjiese later cases 
were above normal, but how far this Avas of help to the patients could not be 
said 
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much decreased and at its expense the globulin content has increased many times 
In most of the cases the globulin content is nearly three times the albumin content 
and in some it is even more 

Tabi,® IX 

Showing the serum proteins, albumin and globulin content of the blood serum in 

cases of eptdemis dropsy 


Number 

Sex 

Scrum proteins 

Albumin 

1 Globulin 

1 

M 

8 66 

21 

656 

2 

M 

48 

13 

35 

3 

F 

6 37 

IS 

487 

4 

M 

7 42 

156 

586 

5 

M 

6 36 

156 

48 

6 

M 

6 91 

21 

481 

? 

M 

618 

156 

4 63 

8 

M 

700 

1 5 

55 

9 

M 

5 86 

962 

49 

10 

M 

6 56 

21 

446 

11 

M 

8 33 

4 

793 

12 

M 

6 02 

13 

4 72 

13 

M 

698 

13 

5 68 


TabbC X 

Shoivinq the lesults of analysis of the serum in epidemic dropsy and normal 

control cases 

The results are given in grammes of nitrogen per 100 c c of the serum 


Number 

Race 

1 

Sex 

Age 

Ser 

Alb 

Scr Glob ^ 

Euglob 

Pseudo- 
glob I 

Pseudo- 
glob II 

1 

M 

M 

35 

i 32 

•8 

Trace 

786 

014 

2 

Chinaman 

M 

43 

21 

1 

78 1 

126 

•464 

212 

3 

1 

M 

45 

1 

203 

917 

07 

756 

OOl 

4 

1 

H 

F 

44 

336 

1 

714 

035 

539 

14 

5 


U 

18 

24 

88 

Trace 

81 

07 


Christian 

M 

38 

21 

56 

049 

497 

014 

1 


H 

At 

29 1 

658 

504 

025 

389 

09 

8 

1 

M 

M 

32 1 

1 

588 

476 

04 

408 

028 
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rise to phenol and methyl phenol or cresol Some of these are thrown out with 
the feces, the remainder are absorbed The greater part of the absorbed phenol 
and cresol is excreted conjugated with sulphuric acid, but a small portion 1*5 
free in the urine and a part is conjugated with glycuronic acid 

In epidemic dropsy the intestinal trouble leads to the formation of these 
phenols and their derivatives m large amount and they, being absorbed, are 
present in the blood It ma> be suggested that these phenols give rise to blue 
colour similar to that of uric acid with the reagent meant for the colorimetric 
estimation of uric acid It is cpiite possible that it is the presence of these bodies 
that IS responsible for the higher figures in the uric acid values 

The glucose content of the blood was estimated by Folin’s method The 
results do not show any pathological deviation In Bengalees the normal values 
are slightly higher than m Europeans, varying from 1 to 12 grms per l(p c c 
of blood 

The chlorides of the blood were estimated by Vollhard’s method, and the 
results show that in most of the cases the content is higher than normal It is 
evident that there is retention of chlpride In the absence of any data suggesting 
renal incapacity, it is rather difhcnlt to explain this retention of chlondes, unless 
It IS suggested that there is imper\ lousness of the kidney to chlorides On that 
assumption it will also be easy to explain tlie oedema of the epidemic dropsy 
The accumulation of sodium chloride in the body may bnng about retention of 
water in the tissues owing to its effect on the osmotic pressure 

The retention of chlorides in these cases with oedema is significant In the 
absence of any sign of renal incapacity, and the presence of cardiac trouble which 
IS a common feature of the disease, it has been thought that the oedema is cardiac 
m ongin The fact that the oedema is present in a marked degree in those cases 
where the cardiac trouble is least and also the fact that many of the cases have 
died of heart-failure without any appreciable oedema, throw doubt on the idea 
that the cedema is purely of cardiac ongin The haematoent readings of the 
blood m epidemic dropsy show that there is a hydraemic condition of the blood, and 
the mottled appearance of the oedematous portions, the general redness and some- 


times the presence of areas of capillary dilatation with pemphigus-like eruptions 
show that the oedema is not merely passive and that there is some active patho- 
logical change going on in the capillaries and blood vessels, so much so that in some 
cases the capillaries have actually multiplied leading to the formation of angiomat- 
ous growths It IS known that toxic substances which are retained or formed in 


the bod} may increase the attractive capacity of blood and especially of the tissues 
^r water (Von Noorden) This idea has been supported by the investigations of 
ohnheim and Ivichtheium They have shown that the presence of certain 
poisons in the blood favours the development of anasarca These poisons make 
t e ivalls of the capillanes more pervious and stimulate them to active secretion 
u epidemic dropsy it seems that all these factors are at work 

The calcium content of the blood has been estimated by Kramer and Tisdall's 
method The results in the untreated cases are deadedly lower than m the normal 
earlier part of the investigation that the writer could get cases 
u ich were not on large doses of calaum , later it was impossible to find a single 
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A Simple Bleiliod of Handling Squmels 


(1) Bxaimnahon of the blood For this purpose we use a special type of 
box with a sliding panel which holds tlie squirrel in sucli a way that a drop of 
blood can be obtained from the tail without any direct handling by the attendant 
The box is 7-| X 44 X 7 inches in size and is made of wood and metal 
with the exception of one side which is of glass (Plate X, fig 1) 

At one end there is a sliding door of the same size and shape as that on tlie 
squirrel cages Inside tlie box is a metal sliding panel curved in its lower part 
to the degree necessary to form a space just large enough for the squirrel to fit 
into when tlie panel is pressed close to the end of the box This panel is operated 
by a rod through the end of the box opposite to the door and when pushed home 
can be locked in position by means of a pin outside the box The corners of 
the box, opposite each end of the little chamber formed by the panel,* are cut 
away to the extent necessary and are replaced by two little doors sliding vertically 
which can be raised when required Each of these has a small notch in its lower 
edge 

The modus opeiavdt is as follows — 

The box, with the sliding panel withdrawn to the side fartlierest avray from 
the door, is placed end to end with the squirrel cage, the two doors being placed 
together Both doors are then raised, the squirrel dnven into the box, and tlie 
door closed The panel is tlien moved up carefully, and, when the squirrel takes 
up the required position across the box, it i^ driven home and locked 

The squirrel is now disposed so that its head is opposite one of the small side 
doors and its tail opposite the other, nor can it turn round in the confined space 
of the chamber formed by the panel and the end of the box The small trap door 
at the tail end of the squirrel is now raised sufficiently to enable the attendant to 
draw out the tail and is then shut down again, the tail fitting into the notch in the 
door The specimen of blood can then be taken in the ordinary way 

When the film is obtained the panel is released, the squirrel is freed, and is 
returned to its cage in the same way as it was removed 

Throughout the whole operation, which only takes a minute or two, the 
squirrel, with the exception of its tail, is not handled by the attendant 

2 The supply of larget qiianUUes of blood over prolonged periods 
In this case the squirrel has to be caught and held by the attendant A 
special type of forceps and a small muzzle have been designed to render this 
operation safe (Plate X, fig 2) The forceps is about 12 inches long and consists 
of two blades hinged together about their centre The blades can be locked when 
closed, by means of a rachet arrangement, sirmlar to that employed on man/ 
surgical clamps 

The distal ends of the forceps are bent at right-angles to the main axis of 
the instrument and each blade forms rather more than one half of a circle so that 
when closed tlie forceps forms a complete circle \vith the distal ends overlapping 
each other The end of each blade is also turned slightly outwards The size of 
the circle thus made is about 1 inch in diameter and is just large enough to go 
round the squirrel’s neck Avithout compressing it 


♦The comer on the glass which forms one of the sides must also be cut away 
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Estimations of cholesterol wei c done by Bloor’s method taking 3 c c samples 
of oxalated whole blood foi each estimation The results would show that they 
areniaikedly lower figufes than the normal values Hypocholestrccmia is general- 
ly found 111 those people whose diet is very poor m lipoids, and m the anaemic, 
and as both these conditions are present in most of the cases examined, no other 
significance could possibly be attached to the condition found 


TablC VIII 

Slicnvuig the cholesterol content of blood in cases of epidemic dropsy 


J 

Number 

Sc\ 

Cholesterol 

Nitrogen 

Number of erythrocytes 
per emm of blood 

1 

M 

130 

14 

3,100,000 

2 

U 

133 

2 24 

4.000,000 

3 

M' 

104 

2 52 

4,000,000 

4 

M 

111 


4,500,000 

S 

M 

144 

1 


6 

M 

128 



7 

M 

166 

1 

! 


8 

M 

144 



9 

F 

100 


4,000,000 

10 

M 

089 

219 

35,000,000 

11 

M 

156 

2 47 

45,000,000 

12 

M 

104 



13 

M 

133 



14 

M 

141 



IS 

M 

185 




Serum Proteins 

It has already been shown that the total nitrogen of the serum is near about 
the normal even in spite of the diminished total nitrogen of the whole blood 
This total nitrogen represents the proteins and the non-protein nitrogen of the 
serum rPhe proteins of the serum are albumin and globulin, and the globulins 
are further subdivided into three varieties — euglobulin, pseudoglobulin I and 
pseudoglobulin II All •-these have been isolated and separately estimated accord- 
mg to the method described by the writer in another paper (Indian Medical 
Gazette) 

In the normal condition the quantity of albumin in the serum is more than the 
globulin and the relation is approximately as 1 5 is to 1 The findings m Table IX ” 
show that there is great deviation from the normal — the albunun content haS'' 



Explanation op Platp X 

Fig 1 Two boxes showing (a) the moving panel half forward with the squirrel 
about to be caught (&) The panel in position with the squirrel’s tail 
. outside the box ready for bleeding 

„ 2 (n) Showing the special forceps and muzzle alone, and (b) the methods 

of holding the squirrel 
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Cases 7 and 8 are normal healthy adults 

In Table X will be found the relative proportion in which the different 
globulins are present m these ca^es It is evident tliat the euglobulin and pseudo- 
globulin II do not take part in the increase and it is the increase of pseudo- 
globulin I that IS responsible for the increase in the total globulins 

My thanks are due to Lieut -Col F A F Barnardo, m a ^ m d , ? r c.s , 
pRCPUj ciC^ CBE, IMS, Principal, Medical College, and Lieut -Col A C 
MacGilclinst, ma, md,dsc, mrcp, ims, Professor of Physiology, for giving 
me all possible facilities both in the Laboratory and in the Hospital in carrying out 
this investigation 

My tlianks are also due to my colleagues for the valuable help I have 
r^eived from them throughout this work, and specially to Dr Ananta Kumar 
Dutt, MB, for helping me with cases of epidemic dropsy from the Out-patient’s 
Department 

I desire also to take this opportunity to express my indebtedness to my fnend 
Babu Probodh Kumar Bhattacharyya, b sc , who helped me materially in carrying 
out the experimental portion of the work 
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A SIMPLE METHOD OF HANDLING SQUIRRELS AND OTHER 
SilALL ANIMALS FOR BLEEDING AND OTHER 

PURPOSES 


BY 


LiEuT -CoLONEiv J CUNNINGHAM, ba, md, ims. 
Director, Pasteur Institute of India, Kasauh 
{In-charge of the Relapsing Fever Inquuy ) 


[Received for publication, March 8, 1927 ] 


In 1923 we first utilised the common Indian squirrel {Scmrus pahnaris) as 
an expenmental ammal for our researches with Spirochceta cartcri, and found it to 
be most suitable for this.purpose In the course of our experiments it was found, 
however, that the continuous handling of infected animals was a source of some 
danger owingrto the quickness of their movements and sharpness of their teeth, 
for no fewer than six cases of accidental infection, which were directly due to 
bites of infected squirrels, occurred amongst the laboratory staff during the earlier 
period of our investigation 

This danger constituted a deaded drawback to the use of an otherwise perfect 
animal, and I therefore devised methods of handling squirrels which have had the 
effect of reducing the risk of infection to a minimum 

As other investigators in India have begun to use this animal for expenmental 
purposes and, as the metliods are also applicable to other small animals, the follow- 
ing account of my technique may be of use 

Infected squirrels are kept in separate cages, 10 X 5 X 8 inches, made of 
wood, with strong wire on the two sides and a sliding door at one end 

In the Relapsing Fever Inquiry the squirrels are used to keep alive the 
spirochsete strains by direct passage, from one animal to another and to act as the 
source of the livmg spirochaetes used for the serological tests which have, up to 
the present, formed the basis of the Inquiry 

For these purposes it is necessary to make both a simple examination of the 
blood to ascertain the presence of the spirochjetes and their numbers, and to take 
larger amounts of blood, m some cases over a prolonged penod of time. 

Each requirement calls for a separate technique 

( 81 ) 
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Ethensed Vaccine in the Treatment of Rabies. 


Tabi,:^ I 

Showing the effect of immersing ' street •mrns ^ hams in ether for penods varying 

from 24 to 144 hours 


Etherised brains ^ 

Inocui^aTion 

Cerebrospinal fluid. 

1 

o 

V 

to 

u 

12; 

Remarks 

1 

SUBP\SSAGR 

Remarks 

u 

3 

O) 

a 

d 2 

in 

Q 

ftf 

Vi 

Cm'S 

O rt 

o 

Sample taken 
from 

CO 

o C 

:z; 

Deaths 

No of 
days to 

No of rabbits 
subpassaged 

No of 
days to 

1 

to 2 Q 

U r^o 
to 

PlH 

rt 

'll 

n 

1 Q* m 
tn 2 6 
U Xo 

CO -M 

Death 

24 


Outside 

1 

1 

11 

15 


f 

Rabies 

1 






Inside 

1 

1 

16 

18 


+ 

Rabies 







Mixture 

1 

1 

15 

17 

m 

+ 

Rabies 





48 

h 

1 

Outside 

1 



1 



Alive 156 d^>s 







1 







afterwards 







Inside 

1 

1 

18 

20 

St 

+ 

Rabies 







i Mixture 

i 1 

1 

20 

22 

St 

: + 

Rabies 





72 

1 

1 

Outside 

1 


■ 
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Alive 156 days 

■ 
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1 
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1 


Sud- 

■El 

St 

+ 
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28 

Died from 






■ 
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■ 

■ 
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84 
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m 
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12 

13 

St 

H 
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1 
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22 

25 
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The blades of the forceps distal to the hinge, are slightly curved along their 
length, the concavity facing in the same direction as the ring at the end of the 
forceps 

The muzzle (Plate X, fig 2) is made from perforated metal (brass) roughly 
to the shape of the squirrel’s head, and has two catches, one on the ventral and 
the other on the dorsal aspects of the opening for the neck of the squirrel The 
dorsal catch is hinged and is operated by a small handle running along the dorsal 
aspect of the muzzle so that the catcdi can be moved out of the way when the 
muzzle IS being put on When released a spring returns the catch to its original 
position and keeps it tliere 

The catches fit on to the dorsal and ventral aspects of the ring on the forceps 
and keep the muzzle in position 

The forceps and muzzle are used as follows — 

The squirrel is dnven from its cage into a wide-mouthed jar and is stupefied 
with ether It is tlien grasped by the skin of the posterior part of the back by a 
rat forceps and removed from the jar The squirrel forceps is closed round its 
neck, fixing its head The rat forceps is then removed The attendant can now 
grasp the animal round the body together with the forceps — its back lying along the 
slightly curved blades which prevent undue extension of the spine Finally, tlie 
muzzle IS put on, the ventral catch being hooked on first (Plate X, fig 2) 

The squirrel is now rendered safe and can be held in this position for any 
length of time, the muzzle guarding against any possibility of accident due to a 
lapse on the part of the attendant 

The operations just descnbed take at the most two or three minutes for their 
execution 

Summary 

A box, forceps and muzzle are described by the use of which squirrels or other 
small biting animals can be held for bleeding and other purposes, with perfect 
safety to the attendant 



Table II 


us’ brains to ether vapour for periods varying between 24 and 120 hours 


Eti^ I 

1 


SudpaSSag^ 


J3 

U ^ 

3 -3 

o»o c 

w - 

0) 1 

Rkmahks 

of 

sub 

Number of days 

Remarks 

WJ ^ 

° 85 

o 

^ 1 


Number 

rabbits 

passaeec 

‘"aw 

a a 

O 

- w 

Ui 

Death 

' / 

1 

-f 

+ 

Rabies 

Rabies 

Rabies 



1 


r 

j 2 


Great loss of weight (S20 
grms in 31 days) 

Not rabies, no subpassage ' 

Alive 252 days afterwards 

1 

i 


15 

j 

1 

1 

1 

1 

1 

1 

L,oss of weight ISO grms in 
15 days Subpassage from 
this rabbit Paralysis 28 
days Death 36 days 
Further subpassage Death 
82 days, Negn bodies— 


1 

1 

Alive 252 days afterwards 





n 

84 _ 

± 

Rabies 

Rabies 

1 

9 

1 

13 

Rabies 

1 


Rabies 

Great loss of weight 

1 

1 

1 

8 

1 

12 

Rabies 

Alive 242 days afterwards 

96 

1 


Rapid emaciation 

1 

1 

8 

Great loss of weight (630 
CTms in 8 days) Subpassage 
from this rabbit Alive 205 
days afterwards 

i 

n 

! 

= 

Subpassage not done 

1 

1 

1 


116 

Died of diarrhoea 

Alive 161 days afterwards » 



Great loss of weight (166 
grms in 29 days) 

Alive 251 days afterwards 
Alive 251 days afterwards 

1 

1 

20 paresis 

97 

Negri bodies— Subpassage 
Died from diarrhoea in ll 
days 

.120 


Died without symptoms 

H 


33 

Died without symptoms 
Subpassage from this rabbit 
Alive 169 days afterwards 

144 


Not rabies, no subpassage 
done 

1 


54 

Died of diarrhoea Negri 
bodies— 


St = Sterile 

Con = Contaminated 






















88 Etliensed Vaccine in the Tieaiment of Rahies 

infection If, however, this interpretation is not accepted then there is 
evidence that the virus is alive in an attenuated form after exposure to ether 
vapour for 120 hours Longer periods were not tested A comparison of 
the results obtained by immersion and exposure to vapour only tends to show, 
as might be expected, that immersion of the brain in the fluid has a more 
tegular and certain action in the virus than has exposure to the vapour alone 
ft is possible, therefore, that signs of life might still have been present after ‘ 
exposure to the vapour foi 144 hours or for even longer periods 

The experiments recorded here show that the virus of the street is 
more resistant to the action of ether than is the Kasauh fixed virus, and the 
results obtained with this type of virus are more in keeping with those 
recorded by observers in Europe 

Summary 

The resistance to ether of the virus of the street has been tested both 
by immersion of infected brains in the fluid and by exposure to the vapour 
with the following results — 

1 Positive evidence of the viability of ' street virus ’ m the central portions 
of the brain was obtained in brains immersed up to 72 hours 

2 After this period the evidence for the presence of living virus depends 
upon the interpretation placed upon the deaths which occurred after infection 
with material immersed for longer periods If these deaths are held to be 
due to an attenuated virus then the virus apparently remains alive up to 
120 hours but is killed after a 144-hour immersion 

3^ The action of ether vapoui on ‘street virus’ is very similar to flint 
recorded above for the immersion of infected material, but the action of the 
vapour appears to be less even and probably not quite so rapid in its results 

4 The strains of ‘ street virus ’ tested are more resistant to ether than 
the fixed virus in use in this Institute 

5 The results obtained m these experiments approach more nearly 
those recorded by European observers 
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In our last paper we described the action of ether on the fixed virus in 
use in Kasauh and found that it was much less resistant than the virus in 
use at certain Pasteur Institutes in Europe 

In the present note we propose to give the results of certain experiments 
designed to test its effect on brains infected with ‘ street virus ’ According 
to Alivisatos ether appears to have very much the same effect on ‘ street virus ’ 
as it has on fixed virus and the times required for its vanous effects are appa- 
rently very similar in each case 

The ‘ street virus ' we have used for these experiments has been obtained 
from two sources 

Virus 1 In Its 1st subpassage in the rabbit produced symptoms in 12 
and death in 18 days The 3rd subpassage of this virus was used for the 
1st experiment (Table I) and gave very similar periods for symptoms and death 
Virus 2 V'luch was used for the 2nd experiment (Table 11) produced 
symptoms on the 7t'h day and death in 12 days 

( 86 ) 
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Belaiiovslnp of Colovi of Bahhts to lus'idm 


piebalds were less susceptible than the jet black, but the jet black rabbits were not 
so susceptible as the Belgian hare breed 

'The results of this insulin assay on these rabbits can be summarized in the 
following table (For detail results scr Appendix I, II, III and IV 

Tablc I 


Breed 

Pi:RC^:nTAGi: reduction of BEOOD sugar 2 HOURS AFTER 
INJECTION OF INSUIIN (dOSF 1’ER KIEO) 

Maximum 

Minimum 

A\ crage 

Albino Himalayan 

55 

30 

48 

Black and white piebalds 

57 

50 

55 

Jet black 

70 

51 - 

60 

Brown Belgian hare 

82 

57 

667 


This table shows that the albino Himalayan rabbit is the least susceptible and 
the Belgian hare rabbit the most In fact the rabbits of the Belgian hare breed 
began to show hypo-glyccemic leactions at the end of the first hour after the 
injections of insulin, and many of them had to be revived by intravenous injec- 
tions of glucose The jet black rabbits came next as regards susceptibility, and 
4 out of the 13 showed hypo-glycsemic reactions, and one of them died as a 
result of hypo-glycsemia in spite of the glucose In none of the white rabbits 
was there tlie least sign of hypo-glycaimia , in fact they all behaved like normal 
animals throughout the experiment 

The question which naturally arose from these results was what is the cause 
of the variability^ In the Himalayan breed it was obviously due to some asso- 
ciation with the colour of the rabbit It is a known fact that colouration of the 
animal is closely associated with the function of the medullary substance of the 
suprarenal glands Thus the hair of the Arctic fox turns white during the winter 
and reverts to a dull brown during the summer , a condition also correlated with 
the stress of life that occurs during these seasons m the Arctic zone 

The literature contains a large amount of evidence to show that the action 
of adrenalin is directly antagonistic to that of insulin as it allows a larger amount 
of glucose to be available as blood sugar from the liver It seems, therefore, 
highly reasonable to suggest that the high adrenalin content of these albino 
rabbits was capable of inhibiting the action of insulin to a large extent We 
also found that, m human beings suffering from leucoderma, these people had a 
lower blood sugar content like the European and responded less to the injection 
of insulin In conditions of hyper-pigmentation we found that these patients 
reacted ratlier powerfully to injections of insulin 

In a previous experiment conducted by one of us (J P B ) it was found 
tliat small doses of adrenalin were capable of producing hyper-glycaemia m rabbits 
and that when adequate doses of both adrenalin and insulin were given simul- 
taneousl> to the same rabbit there was neither a rise nor a fall in the blood sugar 
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Relationship of Coloiu of Rahhits to Insulin 


It will be seen that m the albino Himalayans, the blood sugar rises from 
0 11 to 0 256 after the first hour and falls to 0 224 in the second hour as is shown 
by the dotted line in the chart 

In the brown Belgian hare rabbits on the other hand, the blood sugar nses 
after the injection of adrenalin from the initial level of 0 106 per cent to 0 145 per 
cent only, and falls very near to the normal level (0 114 per cent) in the second 


Graph I 

0 35 I 



ADR IN ALIN ADRENALIN 

TIME 


hour This experiment clearly indicates that i(drenahn acts very powerfully on 
the albino rabbit, liberating a large amount of glucose from the glycogen store- 
house of the liver which is capable of antagonising the action of insulin In 
the brown Belgian hare rabbit, the adrenalin response by the liver towards 
adrenalin is very much less than in the albino, so that insulin is then capable of 
reducing the blood sugar from Oil to 0 03 or 0 04 and producing the symptoms 
of hypo-glycaemia 
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.7. Cvmiwqhum , M J Nichola’^ and B N Lalim 


The brains were eilhci immcised in tlu cthei fluid oi exposed to the 
\apoui for vaijint^ jieiiods and llicn jiortions fioni the outside, inside and 
a mixture of the whole biain were inoculated into other rabbits subdurally 
Specimens of the brains of the rabbits which died were either searched 
for the presence of neg'ri liodics or else wei e subpassaged into other rabbits 
The presence of negn bodies was taken as positive evidence of rabies 
and in such cases no subpassages were done 

The rabbits which escaped were all infected subdurally with fixed virus 
at varj'ing peiiods after 3 months (The exact dates are given in the tables) 
None of these animals proved lefiactory to rabies infection 

The first table gnes the results of the immersion of the brains in ether 
for var)ung periods of time 

Twenty-four hours’ immersion has had little effect on the viius, for the 
specimens taken fiom all these positions were capable of conveying the 
disease by subpassage to other labbits without an} appreciable prolongation 
in the period of symptoms and death After 24 hours, however, the virus 
in the outer portion of the brains appears to have been killed, for with the 
exception of the 84-hour specimen, none of the animals subpassaged with 
material from this position have died A gradual attenuation from without 
inwards is evident in the specimens immersed up to 72 hours, both the inside 
and mixture being virulent in the 48-hour specimens and the inside portion 
alone in the 72-hour brain After 72 hours’ immersion it has been impossible 
to demonstrate the presence of living virus with certaint}’' Animals inocu- 
lated with material immersed for longei periods have certainly died but 
negri bodies have not been found and subpassages have either failed to die 
or have died without showing typical symptoms Harvey and Acton con- 
sider that many of these deaths are due to the inoculation of foreign nerve 
tissue alone, and have nothing to do with the rabies virus If this inter- 
pretation IS accepted then there is no positive evidence of the virus remain- 
ing alive after immersion for 72 and possibly 84 hours On the other hand 
if the irregular deaths which have occurred in the subpassages from the 
96-hour ’ brain onwards are held to be due to a very attenuated virus, then 
there is evidence that the virus rertiains alive after immersion for 120 but 
not 144 hours This latter supposition would bring our results more in line 
with those of the European observers 


The results obtained from exposure of the brains to ether vapour 
fTable II) are not so clear cut due probably to the fact that the vapour 
does not penetrate so evenly as the fluid Attenuation and death of the 
Mrus, however, appears to proceed, generally speaking, at much the same 
rate as when the brains are actually immersed in the fluid Thus the,‘Sub- 
passages die with topical symptoms after inoculation wuth material exposed 

subMssle T ’ r both m the 1st and 2nd 
bpassa^es have not been typical of the disease These deaths are open to 

the interpretation already mentioned above that they are not due to ^rabies 

f 97 ) Y 
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- Relationship of Cotou) of Rahhits to Insulin 


Appendix II 

Effect of visuhn on the blood stigo} of piebald Himalayan rabbits 
(Dose = 3 units ger kilo ) 


Serial 

number 

[ Weight m 

grammes 

'Blood sugar two 
before 
(percentage) 

1 Blood sugar two 
hours after 
(percentage) 

1 

Percentage of 
reduction 

1 

1,770 

0102 

0 050 

50 9 

2 

1,990 

0106 

0 050 

52 8 

3 

1,910 

0119 

0 051 

571 

4 

2,280 

0112 

0 049 

562 


Minimum reduction SO per cent 

Maximum reduction 57 per cent 

Average reduction 55 per cent 


Appi:ndix III 

Effect of tnsiihn on the blood sugar of jct black labbtis 


(Dose = 3 units per kilo ) 


Serial 

number 

Weight m ^ 
grammes 

Blood sugar 
before (per- 
centage) 

1 Blood sugar 
two hours 
after (Per- 
centage) 

Percentage 
of reduc- 
tion 

1 

Remarks 

1 

2 

1,670 

1,780 

0146 

0 044 . 

70 

Tremor, restlessness, rapid 

3 

2 220 

0129 

0 051 

61 

breathing Slight convul- 

sions 

Tremor, listlessness Not 

4 

1,750 

1 

0129 

0 058 

551 

moving when touched 

5 

1,880 

0129 

0 051 

610 


6 

1,690 

0145 1 

1 

0 051 

65 0 


7 

8 

1,550 

1 270 

0155 

0 061 

60 6 


9 

1,220 

0136 

0 044 

68 0 

Had severe hypo-glyesemic re- 

10 

1,380 

0129 

0 039 

1 

70 0 

action^ convulsion Glucose 
injection given but died 

11 

1780 

0119 

0 050 

58 0 

- 

12 

1 580 

0107 

0 052 

52 0 


13 

1 080 

0100 

0 049 

51 0 


14 

980 

0100 

0 048 

52 0 

1 



}^[ininium reduction 
Maximum reduction 
\^erage reduction 


51 per cent 
70 per cent 
60 per cent 
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In 1925, whilst dealing with the question whether insulin deteriorated in the 
tropics, we noticed during tlie course of our experiments that several of our 
animals reacted very differently* to the same dose per kilo weight One of us 
(H W A ) noticed during the course of preparing antivenom, using goats for 
immunization, that the white goats were more susceptible to cobra venom than 
the black goats We likewise found that the Himalayan rabbits of different 
colours which were used by us for the assay of insulin behaved quite differently 
when the same dose of insulin was injected per kilo of body weight We extended 
the experiments on a larger scale in order to eliminate the possibility of individual 
variation, and we also include the brown Belgian hare rabbit as a separate breed 
The following types of rabbits were used for our experiments — 

(a) Himalayan 

(1) albino, 

(2) piebald, 

(3) jet black rabbits, and 

(b) Belgian hare rabbit 

The most noticeable fact was that the white rabbits were least affected by 
the injections of insulin, whilst the Belgian hare rabbits were extremely sus- 
ceptible, and 10 out of the 13 got severe symptoms of hypo-glycsemia, and one 
of them (No 8) died of it, in spite of the fact that an intravenous injection of 
glucose was administered to it In the Himalayan breed, we found that the 

{ 89 ) 
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With a view to finding indirectly the adrenalin response of these rabbits of 
different breed and colouration we proceeded to see the effects of 'injections of 
adrenalin on the blood sugar The same dose, i e , 0 25 c c , were given to all the 
rabbits and the blood sugar was examined both before and after the adrenalin 

injection -- 

Graph I shows the results of the effect of adrenalin injections on the blood 
sugar of tlie albino rabbits and the sensitive brown Belgian hares The results 
are shown in detail in Tables II and III 


Table: H 

Albiuo Hmalaymis 


Serial number 

PlvRCCNTAGi: 01 BLOOD SUGAR 

Before 

One hour after 
adrenalm 

' Two hours after 
adrenalin 

White 1 

0112 

0280 

0 228 

White 2 

' 0125 

! 0256 


White 3 

0 083 

0 201 

0263 

White 4 

0 088 

0224 

0141 

White 5 

0116 ' 

0 211 ' 

0160 

White 6 

0 096 

0 280 

0 220 

White 7 

0112 

0 240 

0154 

White 8 

. 0128 ' 

0 296 

0 234 

White 9 

0133 

0312 

0 328 

White 10 

0106 

0264 

0288 


Average of Resnlis 

Blood sugar before 

Blood sugar one hour after adrenahn 

Blood sugar two hours after adrenalin 

Tabi,s III 


0 109 per cent 
0256 per cent 
0224 per cent 



PERCKNTAG^ or BLOOD SUGAR 

Serial number 

Before 

One hour after 
adrenahn 

Two hours after 
adrenahn 

Brown 1 

Brown 2 

Brown 3 

Browm 4 

Brown 5 

Browm 6 

Brown 7 

Browm 8 
^ Brown 9 

0 085 

0 074 

0 070 

0137 

0101 

0132 

0148 

0128 

0 080 

0 095 

0105 

0116 

0198 

0151 

0 212 1 
0160 1 
0176 

0096 i 

0 068 

0 096 

0112 

0145 

0168 

0124 

0 085 


Average 

Blood Migar before 

Blood sugar one hour after adrenahn 
Blood sugar two Jiours after adrenalin 


0 106 per cent 
0 145 per cent 
0 114 per cent 
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Post-Kala-azcu Deintal Leishmaniasis 


The first definite case of the nodular stage of this condition was described by 
Brahmachari (1922) who suggested the name ' dermal leishmanoid/ a second case 
was descnbed by Knowles, Napier and Das Gupta (1923), and a third by Short! 
and Brahmachari (1925) 

The ‘ xanthoma ’ type of this condition was fiist obseived by the senior wiiter 
and a short note accompanied by two illustiations of the first case appeared in 
the Annual Report of the Calcutta School of Tropical Medicine for 1925 

Since the autumn of 1925 a number of cases of all stages of the disease have 
been recognised in the out-patient depaitments of the School A certain number 
of these patients had attended previously and some othei diagnosis had been made 
but the iitajority attended for the first time during this period 

'It IS a matter of some interest to speculate why 44 cases of a disease of 
which we have only seen about half a dozen cases previously should come to liglit 
m a period of about a year The condition is so chaiacteristic in all its slage-i 
that a clinical diagnosis can lie made in almost every instance 

The cases descnbed in this paper do not include the few cases seen by us 
before November 1925, as full details of these cases are not available 

Etiology 

The disease is almost certainly a sequel to a generalised infection with the 
parasite Leishinanta donovani More than half the patients give a definite history' 
of having had kala-azar and having received treatment for this disease, other 
patients give a history of having had fever of some months’ duration accompanied 
by enlargement of the spleen some yeais previously and in a few cases there is 
no history of eithei kala-azar or long-continued fever It is known that a certain 
number of patients suffering from kala-azar lecover without the administration 
of any specific treatment and that transitory leishmaniasis manifested by only a 
short bout of fever does occur The fact that m a number of cases there is no 
definite history of kala-azar does not suggest to the writers that these skin lesions 
may occur independently of a generalised leishmaniasis, but that instances of 
transient leishmaniasis and of spontaneous cure in clinical kala-azar are more 
frequent tlian was previously bUpposed 

All the patients have been living m a kala-azar endemic area almost 
continuously 

In ever}' instance in which the examination has been made a parasite indis- 
tinguishable from L donovani has been found in smears from the nodules and in 
many a culture of leishmania has been obtained from the lesions 

Not only is the parasite morphologically indistinguishable from L donovani 
but in culture it behaves like this organism and a generalised infection has been 
caused m a mouse by intraperitoneal injection of a culture of tins parasite (Das 
Gupta, 1927) It has not >et been shown whether the organism has undergone 
any serological change during its existence m skin lesions in man 

There is nothing in the race, class, sex or age distribution of the patients to 
suggest that there is any other factor which predisposes the kala-azar patient to 
the subsequent development of this condition Females predominate relatively 
amongst patients suffering from the early lesions , this is natural as tlie slight 
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CONCI^USIONS 

(1) In rabbits of the same species but of different cokiur variations, 
insulin causes a smaller reduction in the blood sugar in the albino than in the 
black rabbits 

(2) The reduction of blood sugar in the black Himalayan rabbits is so 
lowered as to produce hypo-glycaemia This difference in the colour variations 
of the same species is due to the fact that adrenalin content m the blood of the 
albino animal is higher than in the black 

(3) As regards the different species, the Himalayan rabbit is less susceptible 
to insulin than the brown Belgian hare rabbit , in fact the latter behaves towards 
insulin like the melanotic variety of Himalayan rabbit 

(4) The brown Belgian hare rabbit responds poorly to the injections of 
adrenalin, so that the blood sugar is only slightly raised above normal 

(5) There is some association between the colour and species as regards 
the output of adrenalin from the adrenalin glands In albino animals the output 
is high, m the melanotic animals the output is low 


AppEimix I 

Effect of insuhn on the blood sugar of albino Himalayan rabbits 
(Dose = 3 units per kilo ) 


Serial 

number 

Weight in 
grammes 

Blood sugar 
before 
(percentage) 

Blood sugar two 
hours after 
(percentage) 

Percentage of 
reduction 

1 

1,390 

0102 

0 068 

34 0 

2 

1,550 

0102 

0 068 

34 0 


1,800 

0112 

0 068 

393 

4 

1 1,450 




5 1 

1 

1 100 

0 086 

0 060 

30 2 

6 

1370 

0 072 1 

1 

0 052 

t 

27 7 

7 

1,160 

0100 1 

0 052 

48 

8 

1,200 

0 095 

0 056 

41 05 

9 ' 

1,450 ' 

0 085 

1 0 054 

36 4 

10 

1,320 




11 

1,590 

0107 

0 053 

50 6 

12 

1,370 

0123 

0 062 

496 

13 

1530 

0100 

0 048 

52 0 

14 

1440 

0121 

0 054 

55 37 

15 

[ 1,330 

0112 

0 076 

321 

Aiinimum reduction — — 


Maximum reduction 

Average reduction P^^ cent 

48 per cent 
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Appendix IV 

Effect of visithn of the blood sugar of Belgian haic lahbits 


(Dose = 3 units per kilo ) 


i 

Serial 

number 

Weight in j 
grammes 

Blood ‘^ugar 
icforc (per- 
centage) 

Blood sugar 
two hours 
after (per- 
centage) 

rcrccm:agc 
of reduc- 
tion 

Remarks 

1 

0 

1,010 

1 210 

0 146 

0 044 

70 0 

Severe reactions Convul- 


1 550 

0100 

0 018 

82 0 

sions, relieved with intra- 
venous glucose 

Severe convulsions Animal 

4 

1,600 

0121 

0 040 

670 

lying \Yith head retracted 
Intravenous solution of 
glucose (20 c c of 5 per cent 
solution) 

Severe convulsions at intervals 

5 

1510 

0100 

0043 

57 0 

of 2 minutes lasting for 
about one minute each time 
Saved with intravenous 
glucose. 

6 

1,530 

0112 

0032 

80 3 

Severe convulsions Retraction 

7 

1,470 

0100 

0 033 

67 0 

of the head and extension 
of the hind hmbs Intra- 
venous glucose given 

Severe convulsions Intra- 

8 

1,810 

0112 

0032 

80 3 

venous glucose given 

Severe convulsions, hurried 

9 

1630 

0116 

0 048 

586 

respiration H R over 156, 
died in spite of intravenous 
glucose 

Slight convulsions 

10 

1,440 

0137 

0 060 

570 

Very severe convulsions H R 

11 

1,460 

0121 

0 050 

58 6 

over 160 Rabbit gasping 
for breath Intravenous 
glucose given 

Severe convulsions Intra- 

12 

1690 

0132 

0048 

63 6 

venous glucose given 

13 

1,840 

0120 

0 048 

600 



Minimum reduction 
Maximum reduction 
Average reduction 


57 per cent 
82 per cent 
66 7 per cent 
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History 

It seems possible that the cases reported by Thomson and Balfour (1909) 
were really cases of this condition These writers refer to the lesions as ' soft, 
pmk, keloid-hke raised growths ’ showing no tendency towards ulceration , this 
IS a description which could be applied to many of the nodular lesions in the cases 
described below Parasites, which the writers assumed to be Lcishmania tropica 
but which might equally well have been Lcishmania donovam, were found in the 
lesions in large numbers The patients were soldiers in the Egyptian army, they 
came from upper Egypt and had been serving m the Sudan for some months 
They came from an area where L tropica infection is unknown, or very rare 
Kala-azar occurs sporadically in the Sudan but is not reported from upper 
Egypt 

Carter (1911) and others have described non-ulceratmg leishmama-infected 
lesions of the skin in patients living in' various districts m India where oriental 
sore IS endemic The history of the onset of these lesions is the typical history 
of the first appearance of an oriental sore, a small red pimple appears, painless 
but Itching, and later this is surrounded by a red zone The lesions themselves 
when well developed appear to be quite different from the lesions of the condition 
which M e are describing and m view of their association with onental sore it is 
obxnous that the condition is a slight variation from the normal clinical manifes- 
tation of Lcishmania tropica infection 

( 97 ) 
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than in other parts of the body The sites of appearance of the nodules m the 
order of frequency are as follows — Chin, cheeks, nose, lips, neck, forehead, 
extensor surface of forearms, upper arm, ears, side of chest, back, legs, thighs, 
hands and feet The depigmentation is usually very marked on the inner side 
of the thigh but here the condition seldom goes on to nodular formation The 
nodules vary in size but are usually the size of a split pea The very extensive 
nodules that sometimes occur are probably due to the coalescence of a number of 
smaller nodules The nodules are soft yellowish-pmk granulomatous growths, 
they show no signs of ulceration and are painless The lesions occasionally 
extend on to the mucous membranes, especially those of the lips and nose 
(Plate XVI, fig 11) In one instance the mucous membrane of the pharynx 
appeared to be involved 

In this stage the disease is frequently mistaken for leprosy which in some 
instances it simulates very closely 

The condition is very chronic and the lesions undergo very little change over 
long periods (Plate XVII, figs 12 and 13) 

The ranthoma~hke stage (Plates XX and XIX, figs 14 and 15) — From the 
comparative rarity of this condition, it is obvious that it is not the inevitable sequel 
to the nodular stage but m all the cases showing this condition the history is that 
the patient suffered from nodules fpr some years before the xanthoma-like 
condition appeared The patients showing this condition usually give a history 
of lesions lasting for 10 years or more 

Both the distribution and nature of the lesions are very similar to those of 
the condition known as xanthoma tuberosum multiplex The sites where the 
most charactei istic lesions are usually seen are the axillaiy folds, the ante-cubital 
space, the innei; side of the thigh, the outer canthus of the eye, the eyelids and 
the chin, but they may occur on almost all parts of the body The lesions are 
slightly raised orange coloured plaques, often quite small but sometimes as large 
as the palm of one’s hand , they are painless and there is no ulceration 

\ 

DufFCRENTlAL DIAGNOSIS 

The distribution and colour of the lesions are characteristic and makes the 
differential diagnosis easy provided one is familiar with the disease The diag- 
nosis is best considered according to the stage of the skin lesions 

I Deptgmented stage — In this stage when leucodermic spots only are 
present one has to differentiate from simple leucoderma, syphilitic leucoderma 
and white spot disease 

Simple IcHcodeuna — This disease commences with a herald spot which is 
soon followed by a similar spot on the opposite side of the body The depigmen- 
tation is complete The areas are large and usually symmetrical m distribution 
There are four t3'pes of leucoderma The melung type — affecting the hands and 
feet, the inuco-cutaneous type — affecting muco-cutaneous junctions, the dhoti 
t)pe — from pressure of the loin cloth and, finally, a generalised type In dermal 
leishmaniasis the leucodermic areas are not completely depigmented and commence 
as small spots in the chin, cheeks, front of the chest, arms and inner sides of 
the thigh 
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disfiguiiug effect of these lesions would not be as -serious a matter to a man as 

to a woman , 

The first two cases of this form of dermal leishmaniasis that were recognised 

both happened to have a positive Wassermann reaction and it was suggested that 
syphilis might predispose the patient to that condition, subsequent experience 

has added no support to this suggestion 

It was also suggested that the condition might be caused by the treatment 
by sodium antimony tartrate (Brahmachan, 1922) but, although many of the 
patients m this senes had sodium antimony tartrate, a few only had urea-stibamine 
injections and nian> no antimony treatment whatsoever 

Although everything points to the lesions of this condition having been 
caused by L donovam it is not clear how and why this organism establishes itself 
in the skin The natural assumption is that the parasite gained entry into the 
body prior to the patient’s attack of clinical kala-azar, that when the patient s 
resistance overcame the general infection the parasite took refuge in certain cells 
in the skin, and that here they remained eventually multiplying and causing the 
lesions d_escnbed below 

There is of course the possibility that a second invasion of leishmania 
occurred but that the patient’s natural resistance having been raised by a previous 
attack of kala-azar the parasites were tinable to cause a general infection and 
were only able to obtain a footing in the skin, or m other words that the skin 
lesions are the clinical manifestation of a second invasion of h donovam In 
favour of this suggestion is the fact that all the patients have continued to live in 
the endemic area, but against it is the fact that a definite period of about one year 
always elapses between the appearance of the symptoins of kala-azar and the 
first appearance of the slcin lesions 


DpSCRIPTION of THF- FCSIONS 

There are three distinct tvpes of skin lesion which represent three stages in 
the development of the disease, namely — j 

The first, o> dcpigmcntcd, stage (Plates XI, XX and XII, figs 1, 2, 3 and 4) — 
The depigmentcd patches usually appear on the face, most commonly on the chin 
and lips, on the neck, on the extensor surfaces of the forearms, on the inner sides 
of the thighs and eventually on all parts of the body They appear first as minute 
dots enlarging until they become in some cases irregular areas about half an inch in 
diameter In those cases m nhich there is a history of kala-azar, the lesions are 
usually first observed about one year after the patient has completed the course of 
treatment for kala-azar The depigmentation is not complete, as in the case of 
leucoderma, but in the Indian and Anglo-Indian the affected areas are distinctly 
fighter than the normal sk n , ne have not yet seen the condition m a European 
After a fen months the oepigmented areas become slightly raised and eventiialK 
pass into the next stage, tlie nodular stage , ^ 

The second, or nodular, stage (Plates XIII, XIV, XV and XVI fies 5 6 7 R 
9 and 10) -The usual history is that the nodules appear about two years 'after 
the ka a-azar treatment is completed Altliough the nodules replace the deoie- 
mented patches, there are certain areas where the nodules appear much earlier' 
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In this stacjc no parasites can he seen in the sections, nor can they be seeij in 
smears made from deep scrapings, Init on two occasions cultures of leishmania 
were obtained by dropping a small portion of depigmented tissue into NNN medium 
The nodulai stage — Sections of the nodules show that the epithelium is thin 
and the papillae flattened, and that it consists of a basal layer containing very little 
pigment, a couple of la>ers of prickle cells and a thin covering of horny cells 
The sub-papillary layer is cedematous and the fibrous and elastic tissue has 
atrophied , melanoblasts are well seen Below this cedematous area is a granulo- 
matous mass consisting largelv of proliferating macrophages and fibroblasts 
Here and there in the centre of the mass there are multi-nucleated cells packed 
with parasites, away from the centre of the nodule the macrophages contain 
fewer parasites and the cells at the periphery do not appear to be parasitised 

It IS very easy to demonstrate the parasites in this stage A smear made 
from a deep scraping will usually reveal large numbers of parasites The best 
method of demonstrating the parasites is, heSwever, by cutting of a small portion 
of a nodule with a pair of shaip curved scissors, the under surface of the portion 
of nodule is smeared on to a slide and the smear stained either by Leishman’s or 
Giemsa's stain (Plate XXII, fig 17) In some cases it will be necessary to search 
for the parasites hut in the majority they will be seen almost immediately lying 
in the macrophages A few free forms will usually be seen but these have almost 
certainly come from ruptured macrophages 

The \anfhoma like stage — In the nodular type the spread is centripetal, 
raising and flattening the epidermis , m the xanthoma stage the tendency is for 
the spread to be centnfugal with the formation of large plarjues m these areas 
The histological appearances are similar to the nodular type but there is a tendency 
to fibrosis and constriction of the venules with subsequent dilatation, for this 
eason the xanthoma plaques are a deeper orange red colour while the nodules 
are a paler orange yellow colour 

The parasites can be demonstrated m the same nay as in the nodular stage, 
they are usually numerous ^ 

Parasites in the peripheral blood — Parasites have never been observ^ed in the 
peripheral blood by'^ direct examination of the films but in two cases a growth of 
leishmania has been obtained on NNN medium This is by no means a constant 
finding as it is in kala-azar and the presence of the parasites in the peripheral 
blood IS probably more or less an accident but it may mean that the patient suffer- 
ing from this condition can act as a carrier 

The blood picture — The leucopsenia which is characteristic of kala-azar is 
not present in this condition, m fact m a number of cases there is a distinct - 
leucocytosis The only other characteristic feature of the blood is an eosinophilia , 
the eosinophil count is usually between 500 and 1,000 per c mm and in some 
instances is higher than this 

The aldehyde reaction — There is usually solidification of the serurn within 
24 hours and in some instances there is a slight haziness but in no instance has 
anything like a positne reaction been observed 

The Wasscrniann icacfion — This test was not earned out as a routine 
measure but m ^ lew of the fact that the first two cases of this condition reported 
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c Syphihin leticodeywa — ^This is really a chloasma distributed on the fore- 
head, back of the neck, etc , where the areas of hypprpiginentation show up the 
lighter skin , the condition is not noticeable on dark skins 

White spot disease —This is a 'guttate type of morphoea and is seen as small 
atrophic scars situated on the side of the face, neck and front of chest 

It IS seldom necessary to resort to the cultivation of the parasite from the 
leucodermic areas in order to confirm a diagnosis of dermal leishmaniasis 

II The nodular stage — The disease which this condition most closely 
similates is nodular leprosy of the face , however, the orange-yellow colour of the 
lesions, the absence of anaesthesia, the absence of thickening of the great auricular 
nerve and the co-existence of depigmented areas, characteristically distributed, in 
dermal leishmaniasis readily distinguish this condition from leprosy 

Syphilis need hardly be considered, as small gummata of the skin soon ulcerate, 
whilst ulceration of the lesions of dermal leishmaniasis never occurs 

We have seen one case of adenoma sebaceum of Pringle’s type simulate this 
condition on superficial examination , there were raised nodules on the side of the 
nose, upper lips and naso-labial sulci with redness of the neighbouring skin 

One has seen so many mistakes made in the diagnosis of skin diseases that 
It IS well to repeat the dictum tliat most of the errors made are not due to ignorance 
but to insufficient examination The combination of nodules on the face with 
leucodermic areas on the arms and thighs should at once suggest something 
unusual and call for further examination by smears and sections 

III Xanthoma type — The lesions are typical of the text-book description 
of xanthoma tuberosum multiplex, in fact the first case seen by us was diagnosed 
as such , section of the lesions m this case showed the xantliomatous cells with the 
so-called xanthomatous liodies therein Whilst this patient was in hospital a 
second case came to Dr Muir, diagnosed as leprosy As there were no acid-fast 
bacilli but only peculiar nuclear bodies, the case was referred to the senior author 
when fresh smears were made, fixed with methyl alcohol and stained by Leishman’s 
stain, these nucleated bodies were seen to be^.deishmania parasite The case m 
hospital was re-examined and leishmama parasites were also found in his lesions 
The long history of the disease, 10 to 14 years, the deep orange colour of the 
lesions, the plaques on the axillary folds, bend of the elbow, and lesions on the 
mucous membrane of the throat make one wonder whether they are one and the 
same disease 


' Pathoi,ogy 

The depigmented stage —RistologicaX sections show that the epithelium has 
undergone very little change but that there is less pigment m the cells of the basal 
layer in the depigmented areas than m those of the adjoining normal skin There 
IS oedema of the sub-papillary tissues and the vessels in this layer are large and 
dilated Below this, there is a certain amount of infiltration by macrophages m 
the repon of the sub-papillary plexus (Plate XXII, fig 16) , -the white elastic 
fibres have been destroyed rn tins area and ,t .s probable that the fumta ^ tte 
mehnoblasts has been interfered with owing to the interference with their blood 
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last three years , two had been given a course of antimony treatment and had recovered, and 
one had died He had had a few depigmcnted patches on his face and had taken no notice 
of them but dunng the last year nodules had begun to appear 

Case No 35 — A Hindu doctor, aged about 47 Two and a half years ago hc-had kala 
azar and was given 12 injections of urea-stibamine which apparently cured him, his spleen 
became normal he had no return of fever and put on weight About 18 months ago, one year 
after the attack of kala-azar, he noticed the depigmented areas on his face He tried some 
of the various remedies that are advocated for leucoderma without obtaining any improve- 
ment The nodules developed about 6 months ago When seen by the junior writer the 
lesions were tj^iically those of dermal leishmaniasis , smears from the nodules were not 
examined The patient was advised to take antimony injections, he made his own arrange- 
ments for treatment 

Case No 28 (Plate XVII, hgs 12 and 13) — A Hindu male, aged 33, twelve years ago he 
had fever and enlargement of the spleen but did not receive any specific treatment for kala-azar 
He had had nodules on his face for about 10 vears The large granulomatous miss at the 
root of his nose had commenced to grow about 8 years ago but had increased very little 
during the last few years He attended the Out-Patient Department of the Calcutta School 
of Tropical Medicine 18 months ago and a provisional diagnosis of leprosy was made, a 
photograph was taken at the time The diagnosis was not confirmed and the patient went 
back to his home in Sylhet He returned to this institution and on this occasion the nature 
of the condition was recognised Two photographs taken at intervals of 18 months demon- 
strate the chromcity of the condition, no specific treatment had been administered in the 
interval After three weeks’ treatment with urea-stibaminc a very marked improvement in 
the condition was noticeable , the skin over the mffss was loose and could be lifted up between 
the finger and thumb, whereas previously it had been tense and shiny He then returned to 
his home 


Analysis the table 

Race and rehgton — Twenty-six of the patients were Hindus, twelve Moham- 
medans, four Anglo-Indians and two Jews In a senes of kala-azar patient 
attending the same institution analysed by the junior writer (Napier, 1922) the 
proporbon was almost exactly the same except that m the earlier series there was 
a small percentage of Indian Christians, these seem to be replaced by Moham- 
medans in the present senes The percentages in the kala-azar senes were, 
Hindus — 58 per cent, Mohammedans — ^21 per cent, Europeans, including Anglo- 
Indians — 13 7 per cent 

5*f?jr-^Thei;e were thirty-three males and eleven females, m the kala-a^ar 
senes the percentage of women was only 15 

Age — In the case of five patients the age was not noted Table II gives the 
numbers m each age group , the figures have been raised to percentages to facilitate 
companson with the kala-azar senes 


Table II 


Age group 

This 

SERIES 

ICaea-azar series 

Number 

Percentage 

Percentage 

Under 10 years 

3 

1 

12 

10 but under 20 

14 

35 9 

40 

20 but under 30 

12 ' 

308 ' 

287 

30 or over 

10 

1 

25 7 

19 3 








Fig 15 Case No 1 , sho^\lng extensi\e xanthoma-like lesions 




Serial Number 



DISTRIBUTION 


Typiv of 

LESIONS 


23 Moh 


v O 

3 

c/5 < 


i i'’ t 14 0 + 


Head and Face 




c ^ 

QJ 

•4 0 O 


+ "r 


24 Moh 


M U 0 + 


25 Hindu M 


0 + 


4" + + + +0 

0 + + _0 0 0 


26 Moh I M 


0 + 


0 + 0 M- 


0 0 


27 Hindu jM6 0+l 0 0 + + 

28 Hindu Jm 33 0 + (x) - + +\ + 


0 0 
0 0 


29 Hindu M 40 0 + + 4- + 4- 

30 Hindu M 26 (0) 4- ^ 4-4-4- 


4- 4- 


31 ^ Hindu M 18 0 4- 

32 Moh M 15 0 (4-) 

33 Hindu ! M 18 0 4- 


34 Hindu 


8 I 0 I 4- 


35 Hindu I M 47 0 -f 


+ 4- 4- 0 0 


0 (4-) 0 0 

+ + -h + -f 0 

+ + 4- + + 4- 0 


+ + + + 


+ 0 


36 Moh 


M 18 0 4- 


37 Hindu M 28 0 (4-) 

38 Hindu M 22 0 (4-) 


+ -f 0 

( f-) 0 0 0 0 0 


(+) 0 0 


39 Moh 

40 Moh 

41 Hindu 


04- 004-4- 4- 0 

0 ( + ) 0 (4-) 0 0 0 

0 + + 4-4- 4- 


42 Moh F 17 0 4- 4 - 4- 4- 4- - 4- 0 | 


43 Hindu j M 27 0 -f 

44 iloh ! M 22 0 -f 


+ + - + 4- 0 

+ + 0 4- - - 


0 = , 
+ = ^ 
X — 

When these sisns are between 









Bl W Acton and L E Napiei 


103 


m India had 'positive' Wassermann reactions the serum of 12 patients of this 
series was tested , in only one instance was the reaction ’ positive ’ 


Treatment 

It IS not proposed to go into the details of the treatment of this condition in 
the present paper as our expenence is limited and even m the cases in which a 
full course of treatment has been given it is too early to be dogmatic about the 
final results of treatment 

Antimony appears to be the only substance that has any beneficial effect on 
the condition Most of the compounds used in the treatment of kala-azar have 
been tned, in most cases with success The patients that have not previously ^ 
received treatment for kala-azar appear to react more readily There is often 
marked improvement in the nodules after the first few injections have been given 
but the depigmented patches seem to persist for a longer time, tliey, however 
continue to progress towards recovery after treatment is discontinued 
(Plates XVIII and XXI, figs 18, 19, 20 and 21) 

One patient, a nodular case previously treated for kala-azar, has proved 
entirely resistant to treatment, he has received between 50 and 60 antimony 
injections, antimony ionization. X-ray exposures and various forms of treatment 
by the mouth but there has never been any appreciable'' improvement in his 
condition 


The Cases 

The details of the 44 cases of the series have been arranged in tabular form 
but the histones of a few of these cases will be given in more detail 

Case No 1 (Plate XIX, fig 15) — A Hindu male, aged 27 The patient gave no history of 
having had kala-azar Thirteen years ago nodules appeared on his face and afterwards on 
other parts of his body He did not remember that these were preceded by depigmented 
patches The nodules increased m size, coalesced with adjoining nodules and eventually 
became the characteristic orange-coloured plaques The condition had undergone little change 
during the last few years He was given two courses of 12 injections each of stibosan 
After the first course of injections the condition had improved very markedly, the plaques 
were now flat although they remained discoloured and the isolated nodules had disappeared 
Parasites were still found m some of the lesions so a second course was given After the 
second course the discolouration of the skin only remained and no parasites could be found 
Case No 12— An Indian lady, a Hindu, about 30 years of age She had lived m Bengal 
for a number of years , she gave no history of ever having had kala-azar but about fiVe years 
ago she had fever lasting a month or so, which was treated as malaria About three years 
ago she noticed a number of depigmented spots on her neck, face and forearms , later small 
nodules developed on her chm, nose and cheeks She consulted a number of ' well-known 
specialists in Calcutta, one diagnosed the condition as leprosy and gave her 20 injections of 
hjdnocarpus esters for this condition, another diagnosed syphilis and gave her two courses 
of SIX injection each of neosalvarsan, and yet others prescribed local applications Her 
finances being exhausted she came to the Skin Out-patidnt Department of the School of 
Tropical I^fcdicine where a diagnosis of dermal leishmaniasis ivas made, this was subsequently 
confirmed bj finding the parasites in a smear from one of the nodules and the patient was 
gnen a course of 20 injections of stibosan The nodules all disappeared and the depigmented 
areas ere slonlj assuming the colour of the normal skin at the end of the course ^ ^ 

Case No 20— An Anglo-Indian male, about 35 years of acre He nave nr, n * t 
c^cr huMng had kala-azar but three of his children had suffered from the disease dunn^ the 
J,MR g 
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The presence of paiasties — In 30 of the cases leishmania was demonstrated 
m the lesions Nodular cases in which the parasites were not found on examina 
tion were not included in this senes as the parasites are usually found in this^type 
of lesion without difficulty, hut in cases in which there are no nodular lesions the 
difficulty of finding the parasites in the depigmented lesions made it necessary to 
accept a clinical diagnosis, if the clinical appearances and history were typical 
In a few typical nodular cases no examination was made 

Hist 01 y of kala-asar — In 24 cases there was a history of kala-azar and 
treatment, m 20 cases there wa*! no history of kala-azar but m about half these 
there was a history of long continued fever and splenic enlargement Of the 
24 patients that had kala-azar 11 were treated by sodium antimony tartrate only, 
3 by urea-stibamme only and 2 by both sodium antimony tartrate and iirea- 
stibamme , m 8 instances the nature of the specific treatment was not recorded 
Our thanks are due to Major R Knowles, IMS, Professor of Protozoology, 
Calcutta School of Tropical Medicine, in whose laboratory most of the routine 
examinations of the lesions were carried out and to Dr B M Das Gupta, his 
assistant, who was responsible for most of the cultural findings reported above 
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Some Ohseivafions on Cases of Anaemia 


(&) Examination of stools for total and split fats in both healthy and 
diseased conditions {vide Table II) 

(c) Examination of urine for diastatic power 

(d) Examination of blood for — 

(t) Haemolytic point 
(n) Calcium content 

(ni) Presence of bilirubin, by Van den Bergh's test 
(w) Examination of lipoids m blood 

(<?) Bacteriological examination of faeces m each case with special reference 
to intestinal flora 

(/) Experimental administration of certain intestinal haemolytic strepto- 
cocci and other non-lactose fermenting organisms to laboratory 
animals with a view to noting any change in the blood-forming 
organs 

(g) Experimental treatment of patients by autogenous vaccine and blood- 
forming drugs 

OP Examination of Gastric Contents by Fractional Test Meai, 

Method 

Table I (A) 

Bxamtnatwn of gastric contents of normal individuals (Indians) 

Average of 12 cases 



R. 

15' 

30' 

45' 

60' 

Total Acidity 

06 

06 

07 

12 

16 

Free HCl 

04 

04 

.05 

11 

12 

Total Chlondes 

26 

19 

24 

^95 

.31 

Mineral Chlondes 

21 

14 

18 

18 

16 

Active Acidity 

05 

05 

06 

115 

IS 


NJ 3 R = Residual 

IS', 30', 4S' and 60' indicate minutes after the administration of test meal 

Table I (B) 

B lamination of gastric contents of diseased tndnndiials 



(Ancemta cases) 

Average 

of 14 cases 




R 

15' 

30' 

45' 

60’ 

Total Acidity 

03 

04 

08 

11 

12 

Free HCl 

02 

029 

056 

083 

09 

Total Chlorides 

18 

19 

.21 

24 

26 

Mineral Chlorides 

14 

14 

IS 

IS 

16 

Active Acidity 

04 

05 

06 ' 

09 

104 



Plate XXH 
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8ome Observations on Cases of Anaemia 

(b) Chemical Examination of Blood 


Nature of examination 

Average of 12 healthy 
individuals 

Average of 16 diseased cases 

1 Hsemolytic point 

0 45 per cent NaCl 

041 per cent NaCl 

2 Van den Bergh’s reaction 

Indirect positive 

Bilirubin content 0 4 to 06 
unit 

indirect positive 

Bilirubin content varying 
from 0 2 to 1 unit 

3 Calcium content of blood 

7 5 mg per 100 c c 

68 to 7 mg per 100 c.c 

4 Blood lipase (Lowen- 
hart’s(l) method em- 
ployed) 

0 4 to 0 3 c c 

0 6 to 0 8 cc, 

/ 


N B — Excepting the blood lipase, it may be noted that the figures obtained are practically 
normal 


Diastatic PowtR 0^ Urine 



38' 

Average of 40 normal cases 

158 d — 


30' 


38' 

Average of 14 anaemic cases 

232 d — 


30' 


38' 

Average of 2 sprue cases 

215 d — 


30' 


Examination op Fat in F^cEs 

The following indices have been taken as the basis of this work — 

(a) Percentage of total fat in fseces 
(&) Percentage of neutral fat in fseces 
(c) Percentage pf free fatty acid in fseces 
{d) Ratio of neutral fat to free fatty acids 

I have attempted to establish a standard from the result obtained in healthy 
individuals and by adopting this standard to discover variations both in health and 
disease with a view to finding some indication which would point to the ongm of 
the conditions under consideration 

The metliod of examination adopted is that described by Cammidge (The 
fseces of children and adults 1914) (2) 
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H. W. Acton and L E, Napier. 

The average age of the patients suffering from this condition is a little greater 
than that of the kala-azar patients , this is what one would expect 

The nature of the lesions — Depigmented patches were noted in all the patients 
but m 5 instances they were not well-defined Definite nodules were noted in 
33 cases, ill-defined nodules in 4 and no nodules at all in 7 cases There were 
defimte xanthoma-like plaques in 3 cases and in one case this type of lesion was 
present but not well marked 

Distribution of the lesions — ^This is summarised in Table III 


Table III 


Depjgtnented patches only 

Nodules or 
xanthoma-like 
lesions 

I 

No lesions 

Chin 

11 

33 

0 

Cheeks 

14 

28 

2 

Nose 

10 

28 

6 

Forearms 

31 

7 

6 

Arms 

29 

8 

1 7 

Lips 

14 

17 

13 

Neck 

27 

4 

13 

Back 

26 

3 

IS 

Brow 

16 

12 

16 

Thighs 

26 

1 

17 

Legs 

22 

1 

21 

Ears 

6 

14 

24 

Front of 

chest 15 

S 

24 

Hands 

10 

3 

31 

Abdomen 

7 

0 

37 

Feet 

2 

' 1 

41 


Duration of lesions — Table IV shows the length of duration of the condition 
according to the type of lesion from which the patient is suffering , m 4 instances 
the length of duration was not recorded 


Table IV 


Duration 

Patients showing 
depigmented 
areas only 

1 Nodular cases 

Patients with 
xanthoma-like 
lesions 

10 years or more 



3 

3 years but less than 10 


s 

1 

2 years but less than 3 


7 


1 jear but less than 2 

1 

11 


Less than 1 year 

6 

6 


Totai, 

7 

29 

1 

4 
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Some OhseivaUons on Cases of Anaemia 


Tabl^ II (B) 

Showing icstiUs of cxmmnaiion of 7 Indian cases ivith gastro-inteshnal symptoms 
or ancemia with gastro-mteshnal symptoms 
(All on a modified Schmidt’s diet as shown below ) 


1 

Percentage 
of total 
fats 

Percentage 
Oif neutral 
fats 

Percentage 
of free 
fatty 
acids 

Ratio of 
neutral fats 
to free 

1 fatty 

acids ’ 

1 

Remarks 

Case I 

20 06 

2 13 

523 

'i 

24 

Anaemia, debility 

Case 11 

38 32 

5 12 

19 72 

1 

38 

Pernicious anjcmia 

Case III j 

1440 

250 

3 05 

1 

1 

1 

12 

1 Suspected sprue 

Case IV 

26 70 

2 00 

1 1760 

1 

88 

1 Dyspepsia 

Case V 1 

19 60 

no 

6 60 

1 

60 

1 Chrome diarrhoea 

Case VI 

18 90 

170 

770 

1 

45 

Chronic diarrhoea 

Case VII 

22 10 

226 

9 50 

1 

42 

Suspected sprue 

Average of 
7 Indian 
cases 
above 

22 87 

240 

9 90 

1 41 

« 

For comparison with 
the average of 40 
healthy native cases 
see Table II (A) 

Average of 
6 Euro- 
pean cases 

27 88 

3 65 

13 66 

1 

37 

All chronic diarrhoea 
cases 


Breakfast 


lyuncheon 


4 o’clock; 
Dinner 


MoDiifii^D Schmidt's Diet 

100 grms cream of wheat or oatmeal 
60 grms toast 
20 grms butter 
250 c c milk. 

Rice soup (chicken broth with nee) 

100 grms green vegetables '' 

100 grms mashed potato 
60 grms toast 
20 grms butter 
250 c c milk 
250 c c milk 

150 grms chopped meat, grilled on the outside and rare in the centre 
100 grms green vegetables (spinach) 

100 grms mashed potato 
60 grms toast 
20 grms butter 
250 c c milk 

Stewed fruit 
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TROOPS IN BOLIBAY 


BY 
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The present studies deal with an investigation into certain cases of a variety 
of anaemia prevalent in Bombay The enquiry was financed by the Indian 
Research Fund Association It was commenced in July 1925 but had to be closed 
down without being completed in April 1926 The facts which have so far been 
elicited are embodied in this paper 

General features of the disease — The onset of the disease is insidious 
Almost all the cases give a history of diarrhoea simulating closely sprue, 
while others give a history of dyspeptic symptoms The disease is confined mainlv 
to Hindus who adopt a particular type of diet — deficient in animal protein 
Some of the cases in the early stage exhibit marked ulceration of the tongue 
The an®mia appears within six months of the disease and is generally of an 
aplastic type of pernicious anserma, with a colour index varying from 1 1 to 1 7 
and characteristic absence of any regenerative t)q)e of red cell For a short period 
after ordinary medical treatment the patient improves a gooH deal and goes back 
to Ins work An attack either of diarrhoea or malaria causes a relapse of the 
condition Some cases show three or four alternating periods of the disease and 
ultimately die witliin 18 to 24 months from the onset 

The total number of cases examined was 16, out of which 14 were Indians 
and 2 Europeans Of the 14, 12 were suffering from anaemia and 2 were sus- 
pected of sprue Of the 2 Europeans, one was a case of anaemia and the other ot 
sprue 

The various methods adopted to find out the actual seat of disease were a- 
follows — 

(a) Examination of gastric contents for estimation of free HCI by frac- 
tional test meal Control experiments were earned out on healthy 
individuals [vide Tables 1(A) and 1(B)] 

( 107 ) 
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My investigation was also carried out according to the basis of the former 
observers It was found that there is always a preponderance of putrefactive or 
proteolytic type of oiganism in almost all the cases Considering that almost all 
the cases showed symptoms of diarrhoea at one stage or another, the question 
arises whether it is not possible, that the toxins of these proteolytic organisms do 
exert an injurious effect on the led cells of individuals causing an enormous 
destruction thereof, specially so when there is a deficiency of HCl m the stomach 
The fact that two cases did improve after a course of vaccine treatment also 
supports this view The injurious effects of the injection of these organisms into 
laboratory animals are shown below 

Effect of 0 25 c c of a 24-hour broth culture of non-lactose fermenting bacilli 
isolated from the stool of Case Nos 2 and 8 

Rabbit No 1 — It developed septicaemia and died within 18 hours aftci 
injection The organism was isolated from heart, liver, spleen and 
peritoneum m pure culture 

Rabbit No 2 — A much smaller dqse was used, but the rabbit died six days 
after inoculation The organism was isolated in pure culture from 
liver and pentoneum Section of liver showed fatty degeneration, 
those of spleen and kidney showed intense congestion and haemor- 
rhages 

Character of the non-lactose feimentmg organisms It is gram-negative, 
sluggishly motile It ferments glucose, mannite and arabinose with the production 
of acid and gas It does not ferment lactose, saccharose, inulm and raffinose The 
organism does not agglutinate with high titre sera against Typhoid, Para A, B, and 
C, or organisms of the Dysentery or Aertrycke Group 

The experiment on this line could not be carried out any further 

EFFPCT 0? klw^MOLYTIC StrPPTOCOCCI ON AnIMAI^S 

Oil Rabbit — No action was noted on injection of 0 25 cc of saline sus- 
pension of a 24-hour blood agar culture and hence the dose was increased — but 
the rabbit died after three days Post-mortem appearance showed congestion of 
all the organs which was also confirmed microscopically 

On Gntnea-pig — A healthy guinea-pig was inoculated with 0 25 c c of the 
suspension and this too died after five days All the organs were congested 
Cone marrow was dark red, rather gelatinous Section of bone marrow showed — 
hyperplastic tissue — new formation of myeloc3rtes and myeloblasts New formed 
lymphoid tissue was present and few megaloblasts seen Further experiments on 
these lines should be carried out before coming to a definite conclusion as to the 
role these organisms play in producing anaemia Unfortunately tins could not be 
done owing to the premature closure of the work 

It may be noted that the non-lactose fermenting organism and haemolj^ic 
streptococci which were isolated from the stool did not agglutinate with the 
patient’s own serum In spite of this fact an autogenous vaccine was prepared 
and 2 courses of 8 doses were administered in 2 cases Both the cases improved 
remarkalily and were discharged to duty They are quite well now — six months 
after discharge 


P N Basu 


109 



Average (sprue cases) of 3 

cases 




R 

IS' 

30' 

45' 

60' 

Total Acidity 

06 

06 

08 

08 

08 

Free HCl 

03 

04 

06 

06 

05 

Total Chlorides 

20 

19 

23 

25 

^6 

Mineral Chlorides 

IS 

14 

16 

17 

18 

Active Aridity 

05 

05 

07 

03 

08 

N B R = Residual 






15', 30', 45' and 60' indicate minutes 

after the administration 

of test meal 



From the above tables it will be seen that in almost all the diseased case-i 
there is a deficiency of free HCl m the gastric juice It may be noted in this con- 
nection that the normal percentage of HCl found in healthy Indians is below the 
European standard 


(a) 


Examination of Blood 
Total Counts, Differential Counts, Indices, etc 


/ 


Total red 
blood cor 
puscles 

Total 

leuco- 

cytes, 

Haemo- 

globin 

(per 

cent) 

Colour 

Index 

DiFFiUifiNTiAi, Count 

Percentages 

1 

Polys 

Lym- 

phoc. 

L 

Mono 

Eosin- 

op 

1 

Basop 

Case No 

1 

1,630,000 

4,500 

45 

14 

49 

43 

5 

1 

2 

1 

tt tt 

2 

3,475,000 

5,000 

55 

18 

46 

47 

5 

2 


yt 

3 

3,600,000 

7,500 

90 

[ 125 

72 

24 

1 

2 1 

2 

- 

f> > 

4 

1,602,500 

3,750 

45 

1 4 

1 





f> It 

5 

1,900,000 

7,200 

60 

13 

SO 

1 

31 

15 

4 


i» »i 

6 

1,662,000 

3,485 

1 

45 

1*4 

] 





t» It 

1 

7 

3,650,000 

5,625 1 

65 

09 

60 

34 

45 

1 5 


It tt 

8 

3,138,000 

5,056 

60 

105 

64 

28 

6 

1 

1 

1 

tt »t 

9 

1,587,500 

3.437 

45 

1 5 

56 

36 

3 

1 

5 


#» It 

10 

3,700,000 

5,625 

65 

88 

57 

33 

7 

2 

1 

tt It 

11 

5,175,000 

8,750 

70 

7 

57 

35 

4 

! ^ 

1 

t' » 

12 

2,700,000 

4,687 

55 

1 3 

55 

39 

5 

i 1 


t> ft 

13 

4,200,000 

11,500 

80 

95 

53 

38 

8 

; 1 


>> ti 

14 

3,190,000 

6,825 

68 

1 06 

61 

31 

5 

2 

1 


_ - iiuiivuu>.yios.is, ana poiyctiromatophiha 

Excepting two cases none showed any regenerative forms of red cell 

(2) The total red cells of Case Nos 6 and 9 went doivn to 1,000,000 per 

emm when 10 ozs of blood were transfused which improved their general 

invalided to England 

(3) None of the cases showed any cosinophiha 

(4) Case Nos 11 and 13 are suspected sprue cases 
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experiments should be carried out before any definite conclusion can be arrived 
at m this matter 

11 Two cases improved after administration of autogenous vaccine of 
intestinal organisms, hence treatment on this line may be helpful 

12 No improvement “was noticed m suspected sprue 'cases after administra- 
tion of calcium and parathyroid extract 

13 There is slight diminution of blood lipoids in almost all the cases, 
showing deficiency of absorption fats 

14 Finally until a large number of cases have been examined, no definite 

conclusion can be arrived at as to whether the anaemia cases noted above, are 
primary or secondary in origin It may be noted that in all cases repeated 
examination of tlie stools by Clayton Lane’s method failed to show any ova of 
ankylostoma ' 

In conclusion I beg to thank Colonel R H Lloyd, A D M S , Bombay 
District, for his kindly permitting me to concentrate all these cases at one place for 
investigation and to Lieut G B Gollerkheri, ims (T C), for his valuable 
assistance m treating these cases according to my suggestion and to Captain S L 
Bhatia, m d , m c , ims. Dean of Grant Medical College, Bombay, for his kindly 
lending me various apparatus, re-agents, etc , from time to time to carry out the 
experiments 

Lastly, I must acknowledge my indebtedness to Assistant Surgeon R D 
Wilson, I M J) , and to Mr T G P^)Tnaster, mb, b s , for their kind assistance ui 
helping me to carry out these investigations 
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Tabi,E II (A) 

Showing results of the examination of 40 ‘healthy^ Indians on varying hospital 

diets 



1 

Percentage 
of total 
' fats 

Percentage 
of neutral 
fats 

Percentage 
of free 
fatty acids 

Ratio of 
neutral fats 
to fatty 
acids 

Remarks 

Average of 40 cases 


10 89 

138 

3 98 

1 

29 

Cammidge 
gives the 
ratio of 
neutral 
fats to 
free fatty 
acids as 

1 10 in 

health 

Average of 10 cases 
highest percentage of 
fats 

With 

total 

1 

16 47 

155 

6 42 

1 

41 


Average of 10 cases 
lowest percentage of 
fats 

with 

total 

7 78 

151 

282 

1 

19 


\verage of 10 cases with 
highest percentage of neutral 
fats 

1 

1 

1145 

178 

4 50 

1 

25 


Average of 10 cases “\vith 
lowest percentage of neutral 
fats 

10 83 

093 

i 

468 

1 

SO 

- 

Average of 10 cases 
highest percentage of 
fatty acids 

with 

free 

13 35 

1 

1 

1 

141 

734 

1 

52 


Average of 10 cases 
lowest percentage of 
fatty acids 

with 

free 

8 72 

165 

224 

1 

14 


Average of 10 cases 
highest neutral fat, 
fatty acid ra^io 

with 

free 

1 

14 50 

1 

1 

1 17 

6 70 

1 

57 


A\crage of 10 cases 
lowest neutral fat, 
fatty acid ratio 

with 

free 

8 79 

167 

224 

1 

13 
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The Bacteiicidal Action of the Coimnonei Phenols 

the qmnmc derivative optochin, which is probably the nearest approach to an 
clTectivc chemotherapeutic agent in septicaemia or general infectious conditions, 
can be given m such quantities as to render a rabbit’s blood bactericidal to 
pneumococci, but yet clinically does not influence the course of a pneumococcal 
infection m a rabbit Again, trypan blue, and numerous compounds of trypan 
red and of Niagara blue have a strong bactericidal action upon tubercle bacilli 
in vitro, and also produce a selective staimng on the bacilli m vivo, but none of 
these compounds inhibits the growth of the tubercle bacillus m the living animal 
With such instances m mind one might feel inclined to question the soundness 
of our purpose to study the specific therapy of plague, a bactericidal infection 
which progresses so rapidly as to necessitate the use of a quick-acting drug 
Still we persist in our belief that patient, systematic exploration by routes already 
mapped out in the field of chemotherapy must lead to results of major importance 
as regards both the practical and the theoretical sides of specific therapy 

In chemotherapeutic work experiments m vitro are not without value for 
purposes of general orientation, and they may help in (1) the correlation of 
chemical constitution and bactericidal power, and (2) the selection of germicides 
likely to be efficacious as internal disinfectants This is the twofold object of 
our enquiry c 

We have accordingly decided to base the selection of the drugs to be tested 
m VIVO upon their bactericidal action on B pcsUs as determined by experiments 
m vitro 

Our intention is to study known drugs first and then, if results open a new 
vista, to contnue witli synthetic products This paper deals with the commoner 
phenols and some of their derivatives and is restricted to results obtained «i vitro 
The knowledge of the comparative effects of various antiseptic or bactericidal 
substances is still inconclusive The method whereby their efficacy is compared 
to that of phenol is not in any manner as reliable as many seem to believe As 
workers find it difficult to check one another for the phenol coefficient on phenol 
compounds, it is logical to suppose that more trouble would be expenenced witli 
non-phenolic compounds The fact is that phenol coefficients for non-phenolic 
compounds are not reliable 

We have, therefore, adopted an alternative method which consists in ailtivat- 
ing the orgamsms in broth containing definite amounts of the disinfectant, and 
obser\ung the exact concentration necessary to prevent development of the 
•organism To this effect a 24 hours’ plague culture in broth was used 5 c c of a 
solution of the drug were added to 5 c c of the liroth culture and the whole 
allowed to stand at room temperature (30° — 31°) for 15 minutes, 1 hour, 2 hours, ^ 
24 liours, 48 hours, when sub-cultur^ were made on agar slopes The tubes were 
incubated for 3 days at room temperature and the presence or absence of growth 
observed 

Observation showed that under the conditions B pcstis was not only inhibit- 
ed, but vas actually destroyed, so that the technique may be considered as 
measuring bactencidal power As a general result we have noted that though 
most drugs exert an appreciable germicidal action in 15 minutes, still their 
maximum efficacy is not attained until after a period of 24 hours We have 
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TABLf. Ill (C) 

Showing results of the exanunatton of 42 ' healthy ’ Indians on cei tain diets 



Percentage 
of total 
fats 

Percentage 
of neutral 
fats 

Percentage 
of free 
fatty- 
acids 

Ratio of 
neutral fats 
to free 
fatty 
j acids 

Remarks 

1 

No 1 Diet 

22 cases 

10 55 

1 

138 

t 

3 81 

1 28 


No 2 Diet 

7 cases 

9 84 


138 ^ 

427 ■ 

1 32 


No 3 Diet 

3 cases 

1703 


1 56 

422 

1 31 


Unknown diet 

10 cases 

1100 


126 

491 

1 3 9 


No 1 

DIET 

No 

2 diet 

No 3 

DIET 

Atta 

1 lb 

Atta 

1 lb 

Arrowroot 

2 ozs 

Dal 

3 ozs 







Ghi 

2 ozs 

Ghi 



2 ozs 



Mutton 

2 ozs 

Mutton 

8 ozs 



Vegetables 

4 ozs 

Vegetables ! 

8 ozs 



Bread 

2 ozs 

Bread 


4 ozs 



Sugar 

2 ozs 

Sugar 


3 ozs 

Sugar 

4 ozs 

Milk 

2 ozs 

Milk 


2 lbs 

Milk 

1 lb 


By reference to the tables it will be seen that certain factors have been 
taken as guides, e g , relative percentage of total fat, neutral fat and of free fatty 
acids and the neutral fat — free fatty acid ratio How far these figures V^ill 
approximate to a fixed standard can only be determined by a large series of analyses 
Vanation is almost inevitable m view of the play of other factors than those 
solely concerned m the metabolism of fat — rapidity of passage and intestin d 
bacterial action need only be mentioned to illustrate this point 


Bactcriological Examination o:^ F^ces 

Intestinal flora have been classified in many ways by various investigators 
Cushing and Livingwood(3) divided them into two groups (1900) — 

(1) Permanent or obligatory 

(2) Transient or facultative The first being always present the second is 
unable to flourish in the presence of the first, unless some pathological lesion of 
the mucosa is present 

Torrey (1919) reclassified the organisms into 3 groups — 

(1) Fermentative, 1 e , jB welchn, Sir tptococci 

(2) Putrefactive, e g , B sporgenes, B proteus, B pyocyaneus 

(3) B c oh group lying midway between the two groups 

Subsequently Morns, Porter and Meyer (4) also divided the flora into 
3 groups — 

(1) Fermentative or saccharolytic 

(2) Putrefactive or proteol 3 rtic 

(3) Facultative or normal 
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The entrance of the hydroxyl group into benzene, with the formation of 
phenol, causes a great increase in antiseptic properties Phenol, or carbolic acid, 
was the first antiseptic to be widely used The introduction of alkyl groups into 
the nucleus increases the antiseptic properties, as shown by the three isomeric 
cresols which are better antiseptics than phenol 

The homologous phenols, however, are much less soluble m water fhan phenol 
Itself, and. the same is true of very many of the substitution products For this 
reason we have employed in tins enquiry solutions made up by dissolving the 
substances in just enough 5 6 per cent aqueous caustic soda and diluting to the 
required concentration Failing this, the sodium compound was prepared, and 
its solution in water used 

As sbown by Table I — 

1 Solution in alkali either depresses or intensifies the bactericidal power of 
monohydnc phenols, "without any apparent cause 

2 The fall is most marked with thymol 

3 Whereas the bactencidal power of thymol (3 methyl — 6 isopropyl 
phenol) IS greatly depressed in alkali solution, that of its isomer, carvacrol (2 
methyl — 5 isopropyl phenol) is intensified 

4 The entrance of a methyl group in the nucleus of sodium phenolate 
increases the bactericidal value The further entrance of an isopropyl group 
increases the bactericidal power of 1 2 — methylhydroxybenzene, but depresses 
that of 1 3 — methylhydroxybenzene 

As may be seen from Table II — 

1 Of the three dihydroxybenzenes resorcinol is the least toxic to B pestts, 
and the bactericidal power of the sodium compound is practically the same as 
that of the free phenol 

2 The entrance of a methyl group in the molecule of resorcinol (orcinol) 
greatly lowers the bactericidal value of the free phenol, but does not affect the 
sodium compound to any great extent 

3 Compared with resorcinol its two isomers, catechol and quinol, are highly 
toxic to B pcstis, especially in alkali solution 

4 The bactericidal value of qumol is greatly lowered by the entrance of a 
methyl group in its molecule (toluhydroquinone) The further entrance of an 
isopropyl group considerably depresses the bactencidal power, and thymohydro- 
qumone is more than 2,000 times less potent than quinol 

5 The tnhydric phenols, pyrogallol and phloroglucinol, have a comparatively 
low bactericidal power 

6 In general tlie bactencidal power of polyhydnc phenols is intensified in 
alkali solution 

Table III shows that — 

1 Ethenfication lowers the antiseptic value of the dihydnc phenols, 

2 The entrance of a propenyl radical, whether allyl (eugenol) or isoallyl 
(isoeugenol), in the molecule of guaiacol enhances the bactericidal power of that 
compound 


P N Basu 


115 


Ersccr op various Drugs and Transfusion of Brood 
Iron and arsenic ampoules kindly supplied free of charge by the Bengal 
Biochemical Laboratories, Calcutta, were administered m some of the cases Most 
of them showed temporary benefit In three cases 8 ozs of blood were trans- 
fused on two occasions One European case improved very much Two Indian 
cases, however, improved for a time but did not keep up the improvement 
Calcium and parathyroid treatment was administered m all suspected cases of 
sprue — ^but with no benefit 


Conclusion 

1 There is a marked deficiency of free HCl on gastric analysis in almost 
all the cases— It may be noted that the standard for Indians is much lower than 
that of Europeans 

2 The estimation of neutral fat and free fatty acids in faeces showed 

altogether a different ratio than that hitherto described Cammidge gives tnc 
normal ratio as 1 10, whereas the average of 40 healthy individuals (Indians') 

showed 12 9 In all diseased conditions, there is disturbance .of this ratio. 
In one case the ratio was as high as 1 8 8, but in almost all the cases there is an 
increase of free fatty acid I think this increase is mainly due to the action of 
intestinal bacteria as -when antiseptics such as Dimol, were administered, the 
increase of free fatty acid was not so noticeable Other factors, e g , rapidity of 
passage, also alter this ratio- 

3 The excretion of total fat was not high — thus differing from sprue 
where fats form more than 40 per cent of the total weight of dried faeces 

4 None of the anaemia cases showed marked regenerative type of red cells — 
thus showing that they are mostly aplastic in nature 

5 Van den Bergh's test gave a positive indirect reaction with slight increase 
of bihrubm content in comparison with that of healthy Indians showing that 'the 
ansemias are more of a hsemolytic nature 

6 The diastatic power of urine lyas normal — ^thus excluding pancreatic dis- 
ease 

7 As shown by tlie fragility test, the red cells did not show any diminished 
resistance in comparison with the red cells of healthy individuals 

8 Although tlie calcium content in blood is lower than the European figure, 
yet there is not mucli deficiency in comparison with those of healthy Indians 

9 Bacteriological examination ' of the stools revealed the presence of a 
large number of putrefactive and fermentative organisms and the injection of these 
organisms into laboratory animals showed that they are virulent m type This 
ex-periment could not be earned out fully owing to the premature closure of this 
investigation, but it is hoped that other observers will be able to throw further 
light on the subject 

10 In my opinion it is a mistake to discard organisms isolated from the 
stool, simply because these do not agglutinate with patient’s own sera Thes-- 
organisms may not normally have any effect, on the individual concerned but 
Uiej may be active if some suitable nidus is provided However further 
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Tablc III 

Ethers of Dthydric Phenols 





IS minutes contact 

24 hours contnet 


OH 

(1) 





guaiacol ^ 

03 ^ 


1 

400 

1 

800 


OCH, 

(2) 






OH 

(1) 

1 


1^0 



resorcinmonomethylether 

C„H4 

1 

1 

600 


OCH, 

(3) 






OH 

(1) 





hydroqumonemonomethylether 

C„H4 


1 

480 

1 

960 

OCH, 

(4) 






OH 






eugenol 

C.H, OCH, 

(2) 

1 

2000 

1 

4000 

CH,— CH: 

=CH,(4) 






OH 

(1) 




2500 

isoeugenol 

C.H, OCH, 

(2) 

1 

1500 

1 

CH=CH- 

-CH, (4) 






SUBSTITUTED PHENOLS 

The hydroxyl group has a marked effect on the chemical character of the 
aromatic radicle, causing certain of the hydrogen atoms attached to nuclear 
carbon atoms to be more amenable to substitution by other atoms or groups 
Thus ben7ene can be brominated only by dry bromine in presence of a hydrogen 
carrier, but phenol, on treatment with bromine water, at once yields 2 4 6 — 
tribromophenol Similarly, nitrophenols are produced by treatment of phenol 
even with dilute nitric aad Furthermore, phenol sulphonates more readily than 
benzene 

We have investigated ^^^ous derivatives of phenol, resorcinol, quinol, and 
the naphthols 

Among the derivatives of resorcinol will be found resazurme This com- 
pound, which has been obtained synthetically by oxidising a mixture of nitroso- 
resorcinol and resorcinol, is an oxaaone and belongs to the group of dyestuffs 
denved from quinone-imide — 



nitrosoresorcinol 


resorcinol 


resazunn 
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Since the days of Koch a number of attempts have been made to find some 
drug which, when given intravenously, would disinfect the 'blood in cases of 
bactenal infection Although favourable results have been reported to have 
followed the intravenous injection of iodine and eusol, yet, at present, the only 
example of successful treatment being. applied to bacteria living in the tissues of 
the body is that of the unsaturated fatty aads of chaulmoogra oil used m the 
treatment of leprosy 

On the other hand we know several specific drugs which cause the destruction 
of protozoa within the body, such as mercury, quinine, emetine, antimony tartrate, 
and the organic arsenicals 

The introduction of organic arsenic compounds for the treatment of syphilis 
and of other diseases caused by spirillse, spirochsetes, and trypanosomes was the 
result of a prolonged research by Ehrlich and his co-workers The research was 
conducted with the definite purpose of discovering a compound which would have 
a maximal destructive action upon the parasites and a minimal toxic action upon 
the host It culminated in the discovery of salvarsan 

The discovery of salvarsan has stimulated investigation, the object of which 
has been to find chemicals with a similar specific action m bacterial infections 
So far, however, the search cannot be considered successful because of the fact 
that substances which a prion appear to possess all the properties necessary for 
a specific disinfectant action fail in practice to exert any such effect For examnle 

( 117 ) 
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4 The acetyl group lowers the bactericidal power, while the salicyl group- 
ing increases it 

5 The aldehyde derivative of resorcinol is more powerful than rcsoranol, 
while the aldehyde derivative of guaiacol is less active than guaiacol 

6 Resazunn is seven times as active as resoranol 


Tabi,K V 

Resorcinol Derivatives 



Bactericidal Concentrations 


IS minutes contact 

24 hours contact 

Resoranol 

1 800 

1 800 

4- nitrosorcsoranol 

1 200 

1 800 

2 4- dinitrosorcsorcinol 

1 400 

1 1600 

2- nitroresorcmol 

1 300 

1 2400 

2 4 - dinitroresorcinol 

1 300 

1 300 

2 4 6- tnnitroresorcmol 

ml 

nil 

4 6- diaminoresorcinol 

1 2400 

1 3000 

4 6- diacetylrcsorcinol 

1 300 

1 600 

4 6- disalicylresoranol 

1 2400 

1 4800 

dimethylhydro resorcinol ^ 

1 300 

1 300 

diazoresorcmol (resazunn) 

1 4800 

1 6000 

rcsorcylaldchyde (4 - al) 

1 300 

1 2400 

Guaiacol 

1 400 

1 800 

vanillin (guaiacolaldehyde) 

1 200 

1 200 


Table VI shows that substitution in the molecule of quinol leads to the 
formation of mucli less active substances 

TABte VI 

' Qiiinol Derivatives 


Bactericidal Concentrations 



IS minutes contact 

24 hours contact 

quinol 

1 308000 

1 432000 

tetrachlorhydroquinone 

1 1200 

1 2000 

nitrohydroquinone 

1 1000 

1 6000 

tnacctylh>drox>h> droquinone 

1 1600 

1 2400 
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recorded the t exults obtained after a contact of 15 minutes as they are of Talue 
in the selection of a germicide likely to be efficacious against B pestis, and also 
the results obtained after a contact of 24 hours as these furnish a reliable standard 
for the discussion of the correlation between chemical constitution and bacterKidal 
power 

PHENOLS 

Phenols are hydroxy-compounds of the aromatic series in which the hydroxyl 
group is attached to the nucleus They are classed as mono-^ di-, tn-hydnc, 
etc , according to the number of hydroxyls present Carbolic acid and the three 
isomenc cresols or hydroxytoluenes are monohydric, resorcinol and its isomers 
are dihydric, and phloroglucmol is a trihydnc phenol 

Table I 

Monohydrtc Phenols 


BACTERICIDAL CONCENTRATIONS 




IS MINUTES CONTACT 

24 HOURS CONTACT 



Free 

Phenol 

Na 

compound 

Free 

Phenol 

Na 

compound 

Phenol 

C,H, OH 

1 400 

1 

600 

1 800 

• 1 600 

o-crcsol 

OH (1) 

aH4 

CH, (2) 

1 400 

1 

800 

1 2400 

1 1000 

m-cresol 

OH (1) 

C,H4 

CH, (3) 

1 400 

1 

f 

3600 

1 800 

1 3600 

p-cresol 

OH (1) 

QH, 

CH, (4) 

1 200 

j 

1 

2400 

1 400 

1 2400 

isobutyl phenol 

OH (1) 

C,H4 

03.(4) 

1 

1 

1 

2800 


1 4800 

isoamyl phenol 

OH (1) 

C.H, 

C.H.,(4) 

1 

1 

3200 


1 4800 

1 

thymol 

OH (1) 
C.H, CH. (3) 
C,H,(6) 

1 4000 

I 

1 

200 

1 8000 

1 300 

1 

Can'acrol 

OH (1) 
C,H,CH, (2) 
C,H,(5) 

1 4000 

1 

9600 

1 6000 

1 11200 

alpha-naphthol 

C„H,OH (1) 

1 4000 

1 

1200 

1 4000 

1 1600 

beta-naphthol 

Ji MR 

Ci.HfOH (2) 

1 2000 

— • 

I 

1200 

1 6000 

1 2400 
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Phenolphthalem, which is colourless, is thus a lactone, or internal ester, and, 
like other esters, can be hydrolysed by means of alkali This hydrolysis is readily 
effected, and takes place instantly on addition of alkali, with formation of a 
coloured metallic salt of qumonoid structure 



sodium salt of pHenolplithalem 


In the preparation of phenolphthalem a by-product, flnorane, insoluble in 
alkalis IS formed This substance results from the condensation of two molecules 
of phenol with one of phtliahc anliydnde in such a way that the two phenol 
residues are united at the oi t/io-positions to the phthalic-anhydride residue, 
and not at the para-positions, as m phenolphthalem 


phenol 


phenol 


HO 


+ 


\ 




CD -6 

/\co 

V ’ 

phthalic anhj dnde 



Fluorane is the mother substance of a large number of dyes In order the 
better to understand their constitution and to avoid the use of meaningless 
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Tabi^-^ II 

Polyhydrtc Phenols 


BACTERICTDAL CONCENTRATIONS 


15 MINUlTes CONTACT I 24 HOtrRS CONTACT 


Free Na 

Phenol compound 


1 800 


1 500 


1 600 


400 1 1000 

300 1 1200 


400 1 600 


200 1 300 


compound 


1 6400 1 24000 1 32000 I 1 48000 


800 1 1 1200 1 800 


1 16000 1 308000 1 16000 1 432000 


600 1 150 


4800 1 4000 1 14400 


1 150 










128 Tlie Bacteiicidal Action of the Gonimonei Phenols 

Thus fluorescein, or resorcinolphthalem, is 3 6 — dihydroxyfluorane On 
treatment with bromine, fluorescein yields eosin, that is 2 4 5 7 — tetrabromo- 
fluorescein or 2 4 5 7 — tetrabromo — 3 6 — dihydroxyfluorane 


3t 



OH 

dz 


In general behaviour towards alkalies fluorescein and its denvatives rwemble 
phenolphthalein and yield coloured metallic salts of qmnonoid structure 


3-l 



potassium eosm 


silver eosm 
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As may be seen from Table IV — 

1 The entrance oi chlorine or bromine into the nucleus of phenol causes 
an increase in bactericidal power — 2 4 6 — ^trichlorphenol is sixteen times more 
powerful than phenol 

2 Nitration does not alter the bactericidal value of phenol to any great 
extent 

3 The entrance of the ammo group increases the bactericidal power — 2 A — 

diaminophenol is twenty times as active as phenol, 2 — ammo — 4 6 dinitro- 
phenol (picramimc aad) is five times as active as 2 4 6 — tnmtrophenol (picnc 

acid) ' 

4 The entrance of an acid groupmg, whether the carboxyl radicle — COOH 
or the sulphomc group— SO, OH, depresses the bactericidal power of phenol 


Tabi,e rv 

Phenol Derwatwes 



BaCTURICIDAI, CoNCBXTRA’nONS 


15 minutes contact 

24 hours contact 

Phenol 

1 600 

1 600 

2 4 6- tnchlorphenol 

1 2000 

1 10000 

2 4 6- tnbromphenol 

1 1500 

1 3000 

0- nitrophenol 

1 200 

1 300 

p- nitrophenol 

1 300 

1 1000 

2 4- dmitrophenol 

1 400 

1 800 ' 

2 4 6- tnmtrophenol (picric acid) 

1 250 

1 400 

2-amino-4 6- dmitrophenol (picramimc acid) 

^ 1 600 

1 2000 

0- aminophcnol 

1 800 

1 3200 

I>- aminophenol 

1 1200 

1 2400 

2 4- diaminophenol 

1 9600 

1 12800 

salicjhc acid 

1 100 

1 200 

anisic acid 

1 200 

1 300 

p- phenolsulphonic acid 

1 300 

1 400 

salicylsulphonic acid 

1 300 

1 400 


Table V shows that — 


1 The nitroso denvatives act more slowly than resorcinol and the dimtroso ' 

compound is twice as active as the moiiomtroso derivative ' 

2 The mononitro dernatue is three times as active as resorcinol while 
dinitro dernative is less powerful, and the trinitro compound is inert ' 

3 The entrance of the ammo radicle increases the bactericidal p6wer 
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Table VIII 

Phthaleins of monohydnc Phenols 



BaCTS^RICIDAL CONC^NIHAIIONS 


IS minutes contact 

24 hours contact 

Phenol 

1 600 

1 600 

phenolphthalein 

1 200 

1 200 

0-cre5olphthalein (= 4 5-dimethylphenolphthalem) 

1 1200 

1 1600 

thymolphthalem (=: 1 8-diniethyl-4 5-di-isopropyl- 

phenolphthalein) 

1 1600 

1 2400 

2 4 5 7- tetraohlorphenolphthalem 

1 800 

1 800 

diacetylphenolphthalem (= phenolphthalein diacetate) 

1 2400 

1 3600 

alphanaphtholphthalem 

1 1600 

1 2000 

\ 


As shown hy Table IX the phthaleins of resorcinol and pyrogallol are less 
active thafi the corresponding phenols 


Table IX 

Phthaleins of polyhydrtc Phenols 



Bact^cidai/ Concentrations 


IS minutes contact 

24 houi^ contact 

Resorcinol 

1 800 

1 800 

resorcinolphthalein (fluorescein) 

1 ISO 

1 ISO 

Pyrogallol 

1 400 

1 1000 

pyrogallolphthalein (gallein) 

1 100 

1 200 


As shown by Table X — 

1 Reduction of fluorescein (fluorescin) enhances its bactericidal value 

2 The dimethyl compound (orcmolphthalem) is more powerful than 
fluorescein 

3 'The tetrabromo derivative is completely inert, while its dimethyl homo- 
logue IS as active as orcmolphthalem 
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1^5 


As may be seen from Table VII — 

1 The entrance of tlie carboxyl radicle in the molecule of a naphthol tends 
to lower the bactericidal power 

2 The entrance of tlie nitroso radicle in the molecule of betanapbthol makes 
this compound sixteen times more active 

# 

Table VII 

Derivatives of the Naphthols 


Bactericidal Concentrations 



IS minutes contact 

24 hours contact 

alphanaphthol 

1 1200 

1 16Q0 

alpha-hydroxynaphthaUc acid 

1 600 

1 1600 

betanaphftol 

1 1200 

1 2400 

alphanitrosQ-betanaphthol 

1 , 3200 

1 25600 

beta-hydroxynaphthalic acid 

1 400 

1 600 

/ 


phthaleins 

Phtlialeins are compounds obtained by the condensation of two molecules of 
a phenol with one of phthalic anliydnde For example with phenol, phenolphtha- 
^ lein, the well-known indicator, is obtained — 


phenol phenol 



pluhalic anli>dndc 


phenolphthalein 
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RHODAMINES 

The rhodamines are the phthalems of m-ammophenol The simplest 
rhodamine is formed when m-aminophenol hydrochloride and phthalic anhydride 
are heated to 190 ° wth concentrated sulphuric acid — 


m-aminoplieno] ra aminophenol 



phthalic anhydnde rhodamine 


Alkyl rhodamines are produced when rhodamine hydrochlonde is heated with 
alkyl iodides, or, better still, by condensing alkyl-m-aminophenol with phthalic 
anhydnde 

Table XI shows that rhodamines are little toxic to B pestts 


Table XI 

Rhodaintnes 



Bactericidai, Concentrations 


15 minutes contact 

24 hours contact 

tetraethyl-3 6-diammofluorane 

no action 

1 ISO 

3-phenylammo-6-phenylaminometasulphonic-fluorane 

no action 

no action 

3 6- dichIoro-5-paraethoxyphenyIamino-6-para-etho^- 
phen> laminomctasulphohic-fluorane 

1 100 

1 400 
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commeraal names we will adopt the following scheme of numbering for fluorane 
and its denvatives — 



Resorcinol couples with phthalic anhydnde, the point of attachment being 
ortho to one and para to the other of the hydroxyl groups At the same time 
water is eliminated from the ortho hydroxyl groups and fluorescein is produced 


Tcsorcmol resordnol 



phthahcanhjdnde 


fluorescein 
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The substances studied fall within four mam groups — (1) the phenols, 
(2) derivatives of phenols, (3) the phthalems, (4) derivatives of fluorescein 
Most of tlie compounds are insoluble in water, but dissolve readily m alkalis 
Solution in alkali either depresses or intensifies the bactericidal power of mono- 
hydric phenols, without any apparent cause, but generally enhances that of the 
polyhydnc phenols 

A comparatively high activity was manifested by the following — quinol 
(1 432000), mercurochrome-220-soluble (1 76800), catechol (1 48000), 
alpha-nitroso-'betanaphthol (1 25600), toluhydroquinone (1 14400), 2 4-dia- 
minophenol (1 12800), carvacrol (1 11200), 2 4 6 — trichlorphenol (1 10000) 
As a class the phthalein dyestuffs have a relatively small bactericidal value, 
and mercurochrome owes its activity to the labile mercury in its molecule 
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On reducbon, whereby the lactone linkage is opened up, fluorescein yields 
fluorescin, which is colourless 





By condensing phthahc anhydnde with pyrogallol gallein is obtained This 
phthalein is 4 5 — flihydroxy-fluoresceine or 3 4 5 6 — ^tetrahydroxyfluorane 



gallein 


It may be seen from Table VIII that — 

1 Phenolphtlialem is less powerful than phenol 

2 Alkylation, halogenation, and esterification increase the bactericidal 
of phenolphtlialem 


power 
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by heating a mixti^re of finely minced goats’ flesh (1 kilo ) with hydrochloric 
acid (150 cc ) in water (2 litres) at three atmospheres pressure for a period of 
SIX hours At the end of the process a very perfect solution of the flesh was 
obtained , the filtered solution being acid and, therefore, detrimental to the 
growth of organisms, was neutralised with caustic soda, which resulted in 'the 
formation of some 80 giammes of common salt To bring the salt content ot 
the medium to 0 5 to 0 75 per cent, it was made up to 12 to 16 litres with water 
But the nourishing elements of the liquid were much diluted (3), the medium 
had a dark brown colour due to various decomposition products which were 
likely to inhibit microbial growth, and it was very variable m composition (4) 

C Gibson's Modifications of Warden’s Medium — To obviate these diffi- 
culties, Gibson (5) first attempted to decolourise the medium with charcoal 
This was effected b)'^ stirring the acid digest with charcoal and straining The 
subsequent neutralisation thiew down a copious i^recipitate of phosphates whicli 
further earned down the colouring matter Though greatly improved in its 
appearance, the medium still lemained unreliable m composition To avoid the 
great dilution necessary to bring down the salt content of the medium, Gibson 
next reduced the quantity of hydrochloric acid to 80 c c , tlie proportion of the 
other materials and the time of heating being the same The resulting product 
was then diluted with twice its volume of water A fairly good medium was thus 
produced, but it still proved unreliable Further experiments showed that in the 
attempts at getting as perfect a solution of the flesh as possible, the more 
nutritious constituents were carried beyond the stage of albumoses or peptones 
In consequence Gibson not only reduced the amount of acid but heated the 
mixture of acid and flesh for a longer time at a lower temperature Finely 
minced flesh (1 kilo ) was mixed with hydrochloric acid (80 cc) and macerated 
for a week at 70° C , the resulting emulsion was then diluted up to three litres 
and heated at 3 atmospheres pressure for three hours only In 'this way, tlie 
product of one kilo of flesh required only some six litres of water for dilution, 
and the cultivation medium was twice as concentrated as that used before Foi 
some years Haffkine adopted this modified form of Warden’s medium 

D Gibson’s Medium or the Present Official Broth — During the later part 
of 1904, Gibson carried out experiments to ascertain the effect of autoclaving 
subsequent to maceration of goats’ flesh The results showed that there was 
practically no increase in the total solids and that there was no appreciable 
difference qualitatively between the autoclaved medium and the other Parallel 
cultn^tion expenments were next carried out with the autoclaved and the simply 
macerated flesh broths, the advantage, if any, seemed to lie with the medium 
which had not been autoclaved So, Gibson did away with heating the medium 
under pressure of steam altogether, and gave his attention to the period of time 
during which it was desirable to carry on maceration at 70°C He noted that 
there was a steady increase of the total solids with the length of the period of 
maceration, and this he subsequently found to be due to evaporation Granting 
that the more nutritious constituents of the flesh are likely to be hydrolysed first 
and to undergo splittmg-up processes by further heating, it seemed desirable to 
stop short of converting the entire albumen into albumose and peptone Gibson 
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4 The tetraiodo derivative is active, but slow m acting 

5 Complete chlorination of the phthalic-anhydride residue increases the 

bactericidal value 

6 Nitration increases the bactericidal power of fluorescein and its 
denvatives 

7 The high toxicity of mercurochrome to B pesUs is due to the labile 
mercury present in the molecule of dibromofluorescein 


Tabi,^ X 

Fluorescein and related Dyestuffs 


BaCTBRICIDAI, CoNCBNTRA'flONS 



IS minutes contact 

24 hours contact 

Sodium fluorescein 

1 150 

1 150 

Potassium fluorescein . 

no action 

no action 

Fluorescein 

1 600 

1 800 

1 8-dmiethylfluorescem (orcinolphthalem) 

1 600 

1 800 

Monobromfluorescein 

1 200 

1 300 

4 5- dinrtrofluorescem 

1 300 

1 600 

4 5-dibromo-2 7-dmitrofluorescem (saf rosin) 

1 600 

1 1200 

2 7-dibromo-4-bydroxymercurifluorescem (mercuro- 



chrome-220) 

1 3200 

1 76800 

2 4 5 7- tetrabromofluorescein (eosin) 



sodium eosin 

no action 

no action 

potassium eosin 

no action 

no action 

ammonium eosin 

no action 

no action 

monoethyl eosin (ethyl carboxyTic ester) 

no action 

no action 

1 8-dimethyl-2 4 5 7-tetrabromofluorescein 

1 600 

1 800 

3^ 4^ 5^ 6^— tetrachloTo— 2 4 5 7— tetrabromofluorescein 

no action * 

1 600 

4 S-di-iodofluorescein 

1 100 

1 800 

2 4 S-tricodofluorescein 

no action* 

1 400 

2 4 5 7- tetraiodofluorescein 

no action 

1 1600 

3 6^— dichloro— 2 4 5 7^ tetraiodofluorescem 

no action 

1 100 

3 4 5 6 — tetrachloro— 2 4 5 7— tetraiodofluorescein 

A- J _ . <• 

1 100 

1 1200 s 

\ 


*ach\e m 1 100 concentration after l-honr contact 
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hundred samples of broth employed for the manufacture of the plague prophylac- 
tic between the 4th of April, 1924, and the 29th of January, 1925 These 
results are summarised in the form of a graph As seen from tlie graph, the 
hydrogen-ion concentration of the culture medium varied from pH 6 6 to pH 7 4 
and in 85 samples it lay between pH 6 6 and pH 7 0. 



Effect ot^ th^i Initiai, Hydrogen-ion Concentration oe the Medium on 
THE Toxicity and Potency oE the Peague Prophyeactic 

In view of the slight variations noticed in the hydrogen-ion concentration 
of the several samples of the medium examined, although their limiting values 
lay between pH 6 6 and pH 7 4, and in view of the fact that the prophylactic, 
though brewed under more or less identical conditions, occasionally yields a 
vacane of very low potency as estimated 0 (i rats, we carried out an experiment to 
test the toxicity and potency of vacanes brewed in broth of different hydrogen-ion 
concentrations ranging from pH 6 0 to pH 7 2, the technique employed being 
identical with that employed in the manufacture of the plague prophylactic The 
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SULPIiURKINS 

If phenols are condensed with the anhydride of orthosulpho^ienzoic aad 
instead of phthahc anhydnde, the compounds formed are analogous with the 
phthalems, and are known as sulphurems, or sulphonephthalems 


phenol 

A' 


phenol 

V 




CO ^0 


ortho-sulphobenzoic anhydnde 


OH 



phenolsulphonephthalein 


As seen from Table XII — 

1 The sulphonephthalems are more powerful than the corresponding 
phenols 

2 Bromination lowers the bactericidal power 

Table XII 
Sulphonephthaleiiis 



BaCTERICIDAI, CoNCENTRA'rrONS 


IS minutes contact 

24 hours contact 

phcnolsulphonei^thalem 

1 800. 

1 1200 

tetrabromphenolsulphonephthalem 

1 400 

1 600 

0- crcsolsulphoncphthalein . * 

1 1600 

1 1600 

dibrom -0- crcsolsulphonephthalein 

1 400 

1 400 

thymolsulphonephthalem 

1 1200 ! 

1 1600 


Summary. 

The bactenadal action of the commoner phenols and of some of their 
denvatives on B pcstis has been studied in vitro with a view to correlating their 
chemical constitution and bactericidal power, and, ultimately selecting or synthe- 
sizing a germiade likely to be efficacious in the treatment of plague 
The method adopted was tlie so-called ‘ inhibitory method ' 
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Introduction 

Harfkine’s Plague Prophylactic is essentially a culture of plague bacilli 
grown in a liquid mediuiti for six weeks at room temperature, and stenlised by 
heat at dO^C for 15 minutes, to ensure further its sterility, it is carbohsed so as 
to "contain 0 5 per cent of phenol 

The Nutrient Broth 

A The Standard Broth — When the prophylactic was introduced as a pre- 
ventive measure against plague, Haffktne(l) grew the plague bacillus in broth 
containing 1 per cent commercial peptone, the one ordinanly employed in 
European laboratories for the cultivation of organisms 

B Warden’s Medium — In consideration of the prejudice of the people of 
India against the use of , commercial peptone (2) and the difficulty in obtaining 
a proper supply of that product, which of necessity had to be bought in Europe, 
the manufacture of peptone from goats’ flesh was undertaken m this laboratory 
by Warden, and the new product came into use towards the end' of 1898 

Warden’s method of prepanng the culture medium is based on the long 
known fact that albuminous matter can be hydrolysed and rendered incoagulable 
by heat tlirough the prolonged action of dilute acids The medium was prepared 
J,MR ( 13.5 ) 
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spores are thinner and more delicate than those of Sarcocysixs imesherxaxia or of 
any other variety described Also both their ends are somewhat pointed and not 
blunt at one end like those of SarcocysHs imeshertana No terrninal filaments 
could be seen In stained specimens (Leishman’s stains very well) the nuclei are 
well seen and are placed either m the centre or more commonly subtemnnally * 
The nucleus is oval and is placed along the long axis of the spore It is 
3 33 fi long and I 66 {jl broad (i e , as broad as the spore itself) In some 
spores (well seen in specimens stained with Teishman and not^seen in unstained 
specimens) one end is stained with a deep purple nuclear stain which fades off 
imperceptably towards the centre This stamed area at the end is somewhat 
shorter tlian the nucleus and is as broad as the spore These are seen only in 
some spores Are these the ‘ Polar capsule ’ of Reill ? Is it possible that these 
represent spores in certain stage of development? In the protoplasm of all tlie 
spores are seen dark (almost inky) very fine granules two or three in number, 
usually at one end of the nucleus The spores appear to have a definite membrane 
or cuticle No vacuoles could be seen in eitlier stamed or vmstained specimens 

The question anses Is the ulceration due to the Sarcocystis (it is stated 
that a powerful toxin called Sarcocystm is elaborated^ by this parasite) or is it 
merely a chrome ulceration over a muscle mfected with this parasite^ Sections 
of tlie ulcer, however, do not show any cysts or spores either m the skin or in 
the subcutaneous tissue m the ulcerated area and they are only present in the 
otherwise normal fibres It is suggested that this parasite is an undesenbed 
species of sarco-spondium infecting the human host for the following reasons — 

1 The naked eye appearances are peculiar The cysts of this parasites 
are much thinner and longer than those of Sarcocystis mteshertana and are just 
visible to the naked eye 

2 The spores are smaller than those of SarcocysHs mteshertana and 
besides, botli their ends are pointed instead of being blunt at one end as in 
Sarcocystis mteshertana 

3 In SarcocysHs mteshertana the nuclei are stated to be always terminal 
but in the present case they are not always so, as in a number of them the nuclei 
are also centrally placed 

4 Absence of any vacuoles in the spores 

The speaal interest m this case is Firstly, the fact that while sarcocystic 
(Sarcospondial) infection is common m cattle and other animals it is very 
rare m man (only about six cases seem to be recorded) and secondly, that it has 
special features not described in other vanities of this parasite 

My thanks are due to Captain P N Basu, i m s , Professor of Pathology, 
Medical College, Madras, for kindly permitting me to publish this article 
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found tliat m tlie broth macerated for three days, about 75 per cent of the presum- 
ably available albumen is converted into albumose and peptone Parallel culti- 
vation experiments were carried out with macerations of three and seven days, 
respectively On examination of the comparative cultures after two and four 
days, It was found that macerations of three and seven days were giving better 
growths than the autoclaved material Further, it^ appeared that three days 
maceration was better than seven days Thus an improvement m the manufac- 
ture of broth was effected (1905) and resulted both m economy and efficiency 
Bannerman(6) employed this modified medium for the manufacture of the 
plague prophylactic m 1905, and it has been m use ever since 

The preparation of this medium is as follows — Goats’ flesh freed of fat 
and gristle is finely minced m a mincing machine, weighed, and placed m a jar 
To every kilogramme of flesh 80 cc of hydrochloric acid are added and the 
contents of the jar are thoroughly mixed , the jar is then placed in a hot-water-tub 
and kept at a temperature of 70°C for three days, on the fourth day the jar 
IS taken out and two litres of boiling water added for every kilo of fluid , then 
from 60 to 80 c c of a 40 per cent caustic soda solution are added sufficient to 
make the fluid slightly alkaline. to litmus paper ,The diluted peptone is poured 
into a jar and placed m the steam steriliser for one hour at 100°G (at ordinary 
atmospheric pressure) The jar is then taken out of the steriliser, and the 
contents filtered through filter paper The filtrate is measured and to every 
litre two litres of boiling water are added One litre of this dilute peptone 
solution is filtered into each of a number of flasks through filter paper , the flasks 
are plugged with cotton-wool and placed m a steam steriliser for one hour using 
saturated steam at 15 pounds above the atmosphenc pressure The medium 
is now ready for inoculation with plague 


The Hydrogen-ion Concentration op the Cueture Medium 


Haffkine(7) thought that an acid medium is inimical to the growtii of the 
plague germ Stewart (8) earned out experiments in this laboratory on the 
effect of different degrees of alkalinity upon the growth of the plague baallus 
Mayr(9) found that a very lightly alkaline reaction of the* medium favoured the 
growth of B peshs whilst m a slightly acid medium, growth began to show itself 
only after two or three weeks of incubation Bannerman(lO) found that broth 
slightly acid to phenolphthalem is more favourable to the growth of the plague 
bacilli than an alkaline one, that a highly acid broth is inimical to the growth of 
plague bacilli, and that the plague germ soon dies out m such a medium Within 
recent years, our kmowledge of the adjustment of laboratory media has been 
extended by the introduction of the newer physico-chemical conception of hydro- 
gen-ion concentration It has now been shown that various bacteria ‘ have definite 
optimum hydrogen-ion concentrations at which their functional activities are at a 

height, and limiting hydrogen-ion concentrations bej^ond which their life cvcles 
are arrested ’ 


W,th the a.d of a colonnfeter and using 0 01 per cent solution of phenol-red 
as our indicator, ne have determined the hydrogen-, on concentration of one 
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results are summarised m tlie following table, and show that the highest percentage 
immunity was obtained with a broth of the imtial pH 6 8 


Tabli; I 


Vaccine 

Matenal 

Incuba 
ted for 
weeks 

Original 
pH of the 
broth used 

No of 
Rats 
used 

Per cent 
‘ Tomc ’ 
deaths 

Survi- 

vors 

Total 

deaths 

Percentage 

Immunity 


6 

60 

25 

80 

23 

17 

26 0 


6 

62 

25 

40 

24 

20 

16 6 


6 

64 

25 

20 0 

20 

11 

45 0 

Vaccine 
breWed in 

6 

66 

i 25 

20 0 

20 

13 

35 0 

official 

broth 

1 

6 

68 

25 

16 0 1 

21 

5 

761 


6 

70 1 

25 : 

80 

23 

18 

217 


e 6 

72 

25 

12 0 

22 

17 

227 

Controls 

1 




10 

10 

00 


Summary. 

1 Successive improvemetits in the constitution of the broth used for 
Haffkine’s Plague Prophylactic are described 

2 The hydrogen-ion concentration of the broth has been estimated in 
samples from one hundred different brews 

The pH values lay between 6 6 and 7 4 and in 85 cases between 6 6 and 7 0 

3 In a small experiment involving 175 rats the most favourable immunity 
rate was shown from vacane made from broth of wludi the Imtial hydrogen-ion 
concentration was 6 8 

4 The existing method of adjusting the reaction of the culture medium m 
this laboratory employed in the manufacture of the prophylactic, satisfies the 
requirements of the hydrogen-ion concentration for the optimum growth of the 
plague bacilli 
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iiXPLANATION OF ir'LATE AAJLV 

Fig 7 Naked eye appearance of a muscle of man infected with sarcosporidium 
The cysts (Miescher’s tubes) are just visible to the naked eye as thin 
long white hair-like streaks 
„ 8 Surface view of the ulcer of chest 

„ 9 Spores of sarcosporidium magnified (eye-piece No 3 and objective 
\\\ 2 " oil immersion) Specimen stained with central and subterminal 
nuclei and dark granules m the protoplasm and the dense staining of 
the protoplasm at one end 
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Clinically, the lesion consisted of an ulcer over the chest wall around the 
nipple, with much inflammation of the subcutaneous tissue It was excised as a 
carbuncle and sent for pathological examination No clinical history of the case 
could be obtained The specimen shows an irregularly oval ulcer about 2I"X W 
The margins of the ulcer are serpigenous, edges somewhat thickened and raised and 
there is a bluish zone all round it The base is undermined, and shows medium 
sized reddish brown granulations The ulcer has the appearance of a chronic 
ulcer On cutting into it, it is seen that the ulceration involves the skin and 
sulicutaneous tissue only and not the muscle underneath whicli is somewhat paler 
than normal On carefully examining the muscle a number of very tlim, long, 
hairy, whitish streaks are seen in the muscle fibres and running parallel to them 
They are just visible to the naked eye They ate seen throughout the entire 
length of the muscle fibres m the specimen On cross section, they are seen as 
tiny white pm points just visible to the naked eye These are the sarcospondial 
cysts — the so-called ‘ Miescher’s tubes ’ 

On dissecting these ‘ tubes ’ they are seen as thin long cystic bodies with a 
definite capsule and packed full of large numbers of granular bodies — the spores 
The lengtli of these cysts is somewhat over 5 3 cm as the longest specimen dis- 
sected was incomplete at either end and occupied the entire length of a muscle 
bundle in the specimen The breadth (mcludmg tlie sheath or capsule) is 
0 322 mm The sheath proper is clear and homogeneous and is 0 0161 mm 
(or 16 1 /A ) thick External to this is a false sheath formed by compressed 
muscle fibres showing clearly their nuclei and striation From the true capsule, 
numerous septa run into the cyst dmdmg it into a number of partitions giving it a 
hone) combed appearance These septa are well seen in the centre of the cyst 
On crushing one of these cysts numerous tiny curved bodies are liberated These 
spores are somewhat crescentic and are 8 33 ^ long and 1 66 broad and look 
\cry much like the crescents of malignant tertian malanal parasite These 

( 141 ) 
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marked off by a mountain range commonly referred to as the Sahyadns or 
Western Ghats Nearly the whole of the Gujerat Division of Bombay is a 
low-lying plain, in few places rising more than a few hundred feet above sea 
level The Konkan Division of Bombay is the coastal strip extending from 
Gujerat to the southern extremity of the Presidency, and rising, usually 
within a distance of 50 miles, to the crest of the Western Ghats at an eleva- 
tion of between 3,000 and 5,000 feet 

The Avestern portion of this part of India is supplied with ram by the 
Arabian Sea or South-west monsoon, and the eastern portion by the Bengal 
or South-east monsoon The Arabian Sea current, striking the sharp rise 
of the Western Ghats, delivers a very heavy rainfall on their western slopes, 
in most places ranging from 100 to 150 inches a year As soon as the crest 
IS passed the annual rainfall drops with striking suddenness to between 20 
and 30 indies, leaving a broad strip of the western Deccan, 100 to 200 miles 
m width, with a very and climate North of Bombay the rainfall rapidly 
diminishes, falling to about 40 inches at Surat, 35 at Baroda, 20 to 30 in 
Katkiawar and 12 to 20 in Cutch The Bengal monsoon, although carrying 
the bulk of its rain into Bengal, Assam and Burma, passes north and a little 
north-west from near the moutli of the Godavari River and supplies a moder- 
ate rainfall to a broad belt of country including Chota Nagpur, most of the 
Central Provinces, and part of the Central India Agency Western Hydera- 
bad, Berar and the western parts of Central India are in a precarious position 
between the two monsoon currents, this results in these areas having a 
very variable annual rainfall, moderately heavy in some years and very light 
in others For the most part the rainfall is sufficient in normal years for 
the principal crops, wheat and cotton, and therefore artificial irrigation is 
by no means as common as in the drier parts of north-west India 


Human Infection 

The only information hitherto available concerning helminthic infections 
m Central India and Bombay has come from a few isolated hospital records 
and a few examinations made in jails and asylums in the Central iProvinces 
and m the Grant Medical College in Bombay Banatvala found 25 per cent 
of 251 prisoners in the Central Jail at Nagpur infected, and 31 per cent of 
266 inmates of a Nagpur Asylum Souza found 41 per cent and 34 per cent 
infected in two lots of prisoners of 571 and 850 individuals respectively m 
the Central Jail at Raipur Reancy reported 66 per cent of 69 individuals m 
Wardha District infected, and 14 per cent of 97 jail inmates These jail figures, 
however, are of very little significance so far as their own districts are 
concerned, since they include individuals from all parts of the Province A 
scurvy-like disease in the Akola Jail was attributed to the presence of hook- 
worm infections In Bombay hookworms were found in only 7 of 254 post- 
mortem examinations, and in 7 of 235 examined at the Grant Medical 
College These are the only published records found by the International 
Health Board (1922) in a search of the literature on tlie subject Lt-Col Stiles 



Fig 1 
.. 2 




Explanation of Platl XXIII 

Portion of a cyst (Miescber’s tube) showing tlie capsule Ixiw power 

Section of an infected muscle showing the cyst cut longitudinally (stained 
with Hsemalum and Eosin) 

Section of an infected muscle with a cyst cut lengthwise showing the 
spores densely packed in the penphery and empty in the middle 
(stamed with Hsennlum and Eosin) 

Cross section of a cyst more highly magnified showing the cyst wall and 
the septa in the middle where the spores are absent (stamed with 
Hjemalum and Eosin) 

The spores having the typical crescentic shape under high power (1|12" 
oil immersion) 

The spores more highly magnified showing the nuclei (ljl2" oil immer- 
sion) -• 


6 




Plate XXIV 
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the Bay of Bengal, but one or both sources of rain may fail, hence the 
precipitation in this region is very variable in different years, and is largely 
limited to a period of two months In the Bundelkhand area the annual 
fluctuations are still greater, and the occurrence of a good rainfall still more 
uncertain The area lying at the head of the two opposite monsoon currents 
is represented in our survey by Bhopal and Bina , the Bundelkhand area in 
Central India was not investigated, but Jhansi and Banda in the portion of 
this area lying in the United Provinces have been studied and previously 
reported on In the narrow strip above mentioned, from the western border 
of the Central India Agency to the Bundelkhand, the index of infection as 
indicated by Bhopal and Bina is just a little under 50, which is extremely 
light Judging from conditions found at Jhansi and Banda it is still lighter 
in the Bundelkhand Judging by the results obtained at Ujjam and at 
Udaipur and Kotah in Rajputana, just north of Central India, the whole of 
the northern portion of Central India and Gwalior is practically free from 
hookworm infection 

The eastern half of the area here considered, including nearly the whole 
of the Central Provinces and the eastern two-thirds of Hyderabad, is supplied 
with ram by the Bengal monsoon striking in from the coast in a north-westerly 
direction, the amount of ram gradually decreasing from south-east to north- 
west This area is represented by . investigations at Bilaspur, Jubbulpur, 
Nagpur, Nander, and H 3 fderabad Of these places Bilaspur, lying in a rice- 
growing plain with favourable soil, had the highest degree of infection, the 
index being 177 Jubbulpur, with a lower rainfall in a more elevated wheat- 
growing country had an index of 102, whereas the village studied near Nagpur, 
m an area of comparatively low rainfall and black cotton soil, had practically 
no infection It is probable, however, that in areas in the vicinity of Nagpur 
and in eastern Berar where local conditions of soil and drainage are more 
favourable for the propagation of hookworm, a low degree of infection, 
comparable with that at Bhopal and Nander, exists The index of infection 
at Nander in northern Hyderabad was 42 whereas in two villages near 
Hyderabad the indices were 70 and 68 Probably nowhere in Hyderabad 
does the index exceed 75, but it gradually decreases from that degree of infec- 
tion in the south-east to practically complete absence in the west and north- 
west 

To sum up, there is no appreciable amount of hookworm infection m any 
parts of this great area except m the Konkan Division of Bombay and in a 
small area in the eastern part of the Central Provinces, largely limited to 
the Districts of Raipur, Bilaspur, and part of Drug Even in the parts of these 
districts which have black cotton soil, the degree of infection is probably 
verj'- low Our map showing the probable extent of areas having different 
degrees of hookworm infection gives a rough idea of the distribution It ,s 
probabl}’^ not far from correct in its general configuration, although the 
delimitation of the different grades of infection is likely to vary somewhat 
with the Dpe of soil, black cotton soil is apparently unfavourable for hook- 
worm propagation, and requires a much heavier rainfall to keep it moist 
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ThB portion of India included in this paper consists of the Central portion 
of the Indian Peninsula and the west coast from Sind to the borders of the 
Madras Presidency The total area comprises over 440,000 square miles, 
with a population in 1921 of 63,239,321 This is about 1^ times the population 
of Bengal, although the area is well over five times as large The most 
densely populated sub-division is the Gujerat Division of the Bombay 
Presidency with 292 persons per square mile Next comes the Konkan 
Division of Bombay with 222 per square mile Throughout the upland or Deccan 
Divisions of the area the population density lies for the most part between 100 
and 150 The area of lowest density is the Chota Nagpur Division of the 
Central Provinces, which has only 61 per square mile The distnbution of the 
area and population m the different divisions is as follows — 


Division 

Area 

Central Provinces 

.131,372 

Central India Agency 

51,531 

Gwalior State 

26,357 

Hyderabad State 

82,698 

Bombay excluding Sind 

148,695 


Population 

Density 

15,979,660 

122 

5,997,028 

116 

3,186,075 

121 

12,471,770 

151 

25,604,793 

172 


The greater part of the entire area lies on the great Central Indian 
Plateau known as the Deccan On the west this region is fairly sharply 

(. 143 ) 
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northern Gujerat, and m a few places in the western Deccan (eg, Jalgaon) 
the people habitually go bare-footed m and about their villages In the 
places mentioned the majority of the adult males wear shoes, but this Is 
of no importance since in these places hookworm infections could not 
develop anyway on account of climatic conditions As in other parts of 
India the people prefer to stand on dry ground during defaecation, therefore 
the presence m some places of extensive irrigation lias no practical effect 
so far as hookworm is concerned In some parts of the Deccan, e g , Poona, 
the possibility of infection resulting from ground kept moist by irrigation is 
further reduced by a law forbidding the irrigation of ground nearer than 
one-fourth of a mile from a village, aS an anti-malarial measure It would, 
therefore, never be possible for conditions to develop such as those found in 
* villages in t'he N W Frontier Province, where the irrigated land comes 
right up to the walls of the village, making a certain amount of defaecation 
on wet ground inevitable 

In the southern portion of the Bombay coast the village conditions 
become more like those on the Malabar coast of Madras The houses are 
not built in compact groups but are scattered, with large individual com- 
pounds and usually with more or less jungle intervening between them The 
result of this is that each household, for the most part, has its own defaeca- 
tion areas, and there is little opportunity for intermingling of large numbers 
of villagers in common defaecation areas Our experience has invariably been 
that this tends to lower the amount of infection in a community as a whole, 
and to make it more irregular Among people living under practically 
identical conditions some will be found with extremely light infections while 
their neighbours may have very heavy ones The heavy rainfall and 
relatively long rainy season on tlie south-western coast of India, together 
with favourable soil conditions, abundance of shade, absence of excessive 
temperatures, and individual habits ideal for hookworm propagation, would 
lead to a much heavier infection than the moderately heavy one which 
actually exists, if the people lived in compact villages as in most other parts 
of India It IS the same factor which has a certain amount of protective 
influence in parts of eastern Bengal, Assam and Burma The abundance of 
dense jungle and forest, affording unlimited suitable places for defaecation, 
is also a factor in keeping down the degree of infection, since the stools, 
even of individual households, are often widely scattered, thus lowering the 
probability of standing on infested ground during the act of defaecation 

The nature of the soil unquestionably has an important influence on the 
degree of infection This is especially in evidence in the Central Provinces 
and Central India where there are large areas of, black cotton soil, a soil 
which is particularly unfavourable for the development and survival of hook- 
worm larvae It requires over twice as much water to make it wet as is 
required for ordinary alluvial soil , it consists of very fine particles through 
which hookworm larvae cannot easily migrate, and it tends to dry info 
extremely hard clay-like clods when exposed to the sun and dry atmosphere 
of the parts of the country where it is found I think it is very doubtful 
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rainfall In flat country such as most of the Bilaspur District a much lighter fall 
of ram is sufficient to keep the ground moist than is the case m undulating or hillv 
countrs’’ where much of the water runs off instead of soaking into the ground 
The temperatures existing in much of the western part of the countr}' here 
considered, with the considerable day and night variations wffiich exist on the 
tableland, even in the monsoon season, are too high to he entirely favourable In 
this respect the Bombay coast is much more favourably situated Tables 11 and 
III show' the essential facts concerning rainfall and temperature in the different 
parts of the area under consideration 


Tabi,E II 

Mean Mawimnn and Mimmnm Temperainres in Various Localities in Central 

India and Bombay 



Coi,D^T 

MONTHS 

Hottest 

MONTHS 

Monsoon 

SEASON 

Locality 

Mean max 

Mean mm 

Mean max 

1 

Mean rain 

i 

Mean max 

Mean min 

Nagpur 

81—83 

54—56 

105—109 

80—82 

87—88 

74-76 

Indore 

79—80 


100—103 

76—77 

83—85 

70-73 

Hyderabad 

81—85 

57—59 

101—103 

78—79 

88—90 

72-74 

Rajkot 

83—85 

1 

51—53 

102—105 

75—78 

89—91 

74—76 

Bombay 

82—83 

68—70 

89—91 

80—81 

84—85 

77-78 

Ratnagin ’ 

86—87 

66—67 

90—91 

78—80 

84—85 

75-76 

Poona 

85—86 

53—55 

100—101 

71—73 

82—83 

69-71 

Sholapur 

86-87 

5S-59 

103—105 

75—77 

88—89 

71—72 


Since the investigations m Central India and Bombay were made for the 
most part in November, about six weeks after the close of the wet season, the 
infections found can be considered as near the maximum, and no correction is 
recessary to allow' for worms lost during a period when re-mfection ceases 

Other Helminthic Infections 
Ascans and Tridtnrts 

Ascans and Tnchuris infections are comparatively uncommon throughout 
Central India and Bombay except on the Bombay coast With the exception 
of the latter area and in the village of Bholakpur near Hyderabad city, the 
incidence of Ascans infections now'here reaches 10 per cent Except at 
Bha)'ndar near Bombay, Tnchuris infections were everywhere rare and in 
most places entirely absent, as w'lll be seen by reference to Table I An incid- 
ence of 3 3 per cent was found at Bholakpur, which had 22 per cent of 
Ascans infections , 1 per cent at Dharw ar, w'hich had 82 per cent Ascans 
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Webb, IMS, Director of Public Health of tlie Central Provinces, kindly sent 
me a report on hookworm examinations in the Central Jail at Jubbulpore Of 
696 examinations in 1925, 16 5 per cent were found infected, and of 1,145 in 
1926, 16 8 per cent Of these only 212 and 592 respectively, with 17 9 per cent 
and 8 1 per cent infections, were from Jubbulpore Distnct In general higher 
incidences of infection were found in prisoners from the eastern and northern 
parts of the Provinces than from elsewhere 

Our own investigations were made at villages near Bilaspur, Jubbulpore, 
Bina and Nagpur in the Central Provinces, near BTiopal and Ujjain m 
Central India, near Baroda, Viramgram and Rajkot in the Gujerat Division 
of Bombay, near Bombay in the Konkan Division, and near Sholapur, 
Dharwar, Poona, Ahmednagar, Jalgaon, Nander and Hyderabad in the Deccan 
The detailed results of the examinations made in these places are shown in 


Table I 

As might be expected from the great variation m climatic conditions in 
different parts of this area, there are considerable differences in the amount 
of hookworm infection present The western part of the Deccan as repre- 
sented by Poona, Sholapur, Ahmednagar and Jalgaon is practically entirely 
free from the infection throughout a stnp probably about 200 miles in 
width Likewise Kathiawar and northern Gujerat, represented by Rajkot 
and Viramgram, lying north of the Arabian Sea monsoon current, are also 
practically free Unfortunately the village selected for study on the Bombay 
coast cannot be considered truly representative, since it is situated on 
marshy ground directly on the coast The incidence of infection here was 
only 54 2 per cent with an index of infection of only 50, whereas near Baroda 
in the path of the monsoon current as it swings inland from the Bay of 
Cambay, 78 3 per cent were found infected, and the index of infection was 
96 Baroda has a much lower rainfall than the vicinity of Bombay, and 
the conditions favouring hookworm infection are no better There appears 
to be little doubt but that in typical villages in the vicinity of Bombay City 
the index of infection will be found to be not only much higher than that 
found at Bhayndar but also considerably higher than that at Baroda I 
think it likely that the index of infection will be found to be between 150 


and 200 in this locality, increasing with the longer rainy season as one pro- 
ceeds further down the coast At Mangalore in the South Kanara Distnct of 
Madras, about 80 miles south of the southern border of the North Kanara District 
of Bombay, infection is practically universal and the degree of infection is 
fairly high, the index being 200 It is probable that a similar degree of 
infection extends all along* the narrow coastal strip of the Konkan at least 
as far as Ratnagpri 

A moderate amount of ram is earned in a north-easterly direction from 
the Gulf of Cambay to Central India, but the annual rainfall is below 40 inches 
except m a comparatively narrow stnp near the middle of the Central 
India Agency involving Indore and Bhopal From Bhopal to the north- 
western parts of the Central Provinces the ram carried over by the Arabian 
Sea current is supplemented more or less by ram carried north-westerly from 
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water for the city This lies just across a road from the village but is 
fenced off and is protected from pollution by a guard We could find no 
evidence of pollution anywhere around the 'edges of this reservoir, and belie\e 
that at present it does not serv^e as a source of infection There were also 
several wells, but all of these were so constructed as to be proof against 
gross pollution Eventually, hoivever, there was discovered a large, shallow, 
cement-lined tank near the village, built to receive water from a pipe con- 
nected with the city Avater supply as a source of water in particularly drv 
}ears The dry bed of this tank Avas frequently resorted to as a com'^enient 
place for defaecation During the rain}'^ season, however, the tank AA’Ould 
fill up AAuth ram Avater, and Avould then in all probability be used as a source 
of drinking Avater, m fact, it Avas admitted by some of the people that the 
loAA'er castes sometimes took water from here when it Avas full of rain- 
Avater This wmuld, of course, be an ideal source of both Ascaris and Tnchu- 
ns mfectiorv, yet the fact is that AA^hile 82 per cent were infected with Ascaris, 
only 1 per cent had Tnchuns One possible explanation suggests itself 
It IS only Avithin the last three or four years that the reservoir has been 
utilized as a source of Avater for the city Previous to that time it is quite 
possible that the lake, or the widening in the stream out of which it was made, 
AA'as grossly polluted around its edges and at the same time served as a source 
of drinking water This wouM ineAUtably have resulted in a high incidenc’ 
of Ascaris and Tnchuns infections If Ascaris lives longer in the human 
intestine than Tnchuns, it is possible that the absence of Tnchuns is due 
to their having been lost in the meantime Avhile the Ascaris acquired several 
jmars before had not yet been lost This is a purely theoretical hypothesis, 
and one Avhich can at present only serve as a basis for investigations to 
determine AA'hether there is any truth m it The situation at this village 
near Dharivar is a particularly interesting one, and a careful study of the 
conditions and haliits at different seasons of the year and of changes which 
inaA' or may not occur in the next few years, might give some valuable clues 
to the epidemiology^ of Ascaris and Tnchuns infections 

Although no investigations were made in the southern Konkan, the 
similanty of conditions there Avith those obtaining in the South Kanara District of 
Madras leaves little room for doubt but that the Avorm infections in the tAVO 
places Avill be found to be about the same Along the Malabar coast Ascaris 
and Tnchuns infections are almost universal For the most part well water 
is used, but a great many of the Avells, of Avhich there is one for almost every 
household, are not protected by raised sides and may be subject to gross 
pollution at times of heavy rains It is also possible when the heavy rains 
characteristic of this part of the country come, that other sources' of water 
are used Our investigations m all parts of India have shoAvn that all loca- 
lities AA'^hich haAm very heaA’^y rainfalls in excess of 80 to 100 inches or more 
a year, are severely and almost uniA’’ersally affected by Ascaris and Tnchuns 
infections, Aihereas very dry localities Avith a light rainfall are almost al- 
AA'ays practically free from them Whether this effect of a heai^ rainfall 
IS due to AA'ashing faecal matenal into the usual sources of drinking Avater 
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enough to allow hookworm larvs to develop than- does_ alluvial or latente 
soil In eastern Berar and in the Nagput and Wardha Districts of the Central 
Provinces, for instance, m regions of black cotton soil, which is the predomi- 
nant type of soil in this part of the country, and was the soil found at 
the village near Nagpur selected as typical of this area, the index of infec- 
tion IS extremely low, but it is probable that it is a little greater in areas 
having other types of soil It is not likely, however, that the index of 
infection would exceed 50 in any locality in this part of the country, and such 
a degree of infection is entirely negligible from a practical standpoint It 
IS furthermore probable that the degree of infection would be appreciably 
greater in some years than in others, but, as was pointed out in the report 
on the United Provinces, the amount of infection m areas in which only , 
occasional years are favourable does not make a cumulative acquisition of 
worms possible, and therefore a degree of infection sufficient to be of any 
practical importance can never develop 


Dep^cation Habits and Other Factors IneluEncing the Degree oe 

Ineection 


Throughout practically the whole area here considered, except the 
southern part of the Konkan Division of Bombay, the habits of the people 
are such as would lead to very heavy infections if climatic conditions were 
suitable Throughout this areS, AVith the exception noted, the villages are 
built in rather compact groups of mud houses, closely situated with narrow 
passages between, and with very small individual compounds if any are 
present at all Except for an occasional public latrine in a few villages 
Avhich are not sufficiently used to make any impression on the hookworm 
propagation, and a few private latrines in the compounds of Muhammedans 
in Hyderabad, soil pollution is universal The consequence is that conveni- 
ent places all around the edges of the villages are badly polluted , as a rule 
there are no separate defaecation areas for any particular households or for 
either sex The females and children usually go to thickets or banks of 
tanks or streams very close to their houses, whereas the males go a little 
farther afield There are certain favoured types of places Avhich are parti- 
cularly selected, such as cleared spaces in thickets of prickly pear, beds of 
diy streams, ditches, and the banks of tanks or rivers In consequence, due 
*10 the use of these selected places by people from all the houses which are con- 


venientlj situated Avith respect to them, these places are A^ery frequently used 
and become badly polluted In so far as climatic conditions would alloAv the 
dcAelopment and sutwiA^al of the lan'^se, these places become hot-beds of infection, 
and It IS only the fact that in the greater part of the area under consideration 
the ^ound is seldom moist long enough to allow the larvK to survive up to the 
development of the infectiAe stage that protects the people from a very severe 
hookuorni infection EAen in southern Giijerat and m the eastern part of 
e Central ProAunces the rainfall is sufficient to allow a ground infestation to 
CAelop only for two or at most three months in the year Except m Kathiawar 
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if any area with this type of soil will be found to have any appreciable 
amount of hookwonn infection Red sandy and gravelly soils or soils largely 
made up of disintegrated basalt lock are common in many parts of Central India 
With a suffiaent rainfall to keep them moist, such soils appear to be very 
favourable for hookworms 


CwMATrc Conditions in Relation to Hookworm Infection 
Much has already been said about the climatic conditions especially with 
respect to rainfall, m the area under consideration There is no question but 
that, as in north-west India, the amount and distnliution of the rainfall is by far 
the most important factor influencing the amount of hookworm infection It is 
only where the Arabian Sea current delivers a heavy rainfall on the Bombay coast, 
and where tlie Bengal current brings in a moderate one to the south-eastern part 
of the Central Provinces, that any appreciable amount of hookworm infection is 
present The total amount of the annual rainfall is not, however, the only factor 
to be considered , its distribution throughout the year is also of great importance 
A locaht}' having 30 to 40 inches of ram a year m which that ram is so distributed 
that not more than 7 or 8 mchds falls m any one month will never have a sufficient 
amount of hookworm infection to be worth consideration, whereas a locality with 
a rainfall no greater but where the majority of it falls within two months, each 
with 12 to 15 inches, may have several times as much hookworm infection 'It 
IS also to be noted that the number of rainy days on which the monthly rainfall 
IS precipitated has a marked effect A comparison of the amount of hookworm 
in Sbolapur and Dharwar is of interest from this standpoint During the months 
of Jupe to September inclusive the average rainfall m Sholapur is 13 41 inches 
and in Dbanvar 15 67, but m the former place there are only 21 2 rainy days m 
the three months while m Dhanvar there are 36 4 At Sholapur only 1 extremely 
light hookworm infection was found m 100 exarmnations, whereas at Dharwar 
85 of 100 had light infections Evidently, therefore, even so little ram as 5 
inches a month may be sufficient to permit the development of hookworm larvse 
if distributed over about 12 days per month, whereas a sirmlar rainfall distnbuted 
over only 7 days in a month is inadequate In the former case 'the rainfall is never 
sufficient to keep the ground continuously moist for a long enough period to allow 
any appreciable soil infestation to develop, whereas in the latter case enough soil 
infestation can develop so that infections may ordinarily be acquired for parts 
of at least two ore three months in the year Furthermore, the occurrence of 


occasional years with a ver}'- deficient rainfall followed by years ivith an unusu- 
^ally hear y rainfall tends to produce lower hookworm infections than the occurrence 
of an even rainfall year after year with several months each jeear in which the fall 
is sufficient to keep the ground continuously moist In most of Central India the 
rainfall, for reasons already stated, tends to be very irregular, mth relatively 
enormous flucUiations, and there are often rainless penods of considerable length 
even m the middle of the monsoon season If it were not for these facts the 
30 to 45 mcl.es of ram received m these parts of the country would be suffiaent 
to alien a considerably heavier hooknorm-,nfect.on to develop than actually exists 
Drainage of course, is another factor to be considered m connection with the 
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hitherto recorded , on the other hand it is possible that the eggs belong to a fre^ 
living coprophagous nematode which entered the stool from the soil, and produced 
numerous eggs in the interval of time before the stool was examined There are, 
honever, two facts wdiich make the latter hypothesis appear improbable In the 
first place, no similar case has been observed in over 7,500 stool samples 
examined by us in other parts of India, nor has it been recorded by any 
other observers in India, although tens of thousands of stool samples have 
been examined by various investigators though not in the particular section 
of India ivhere four of these five cases were found All of these stools were 
deposited on soil which at the time was dust dry, and the samples were 
collected within two or three hours of the time they were passed In the 
second place, if these nematode eggs belonged to a free-living coprophagous 
species, they should have developed into adult sexual forms in the cultures, 
and this they entirely failed to do , rhabditiform larvae, but no other forms, 
'were observed in the cultures for 14 days after they were started Kobayashi 
(1920) described cases of, Rhabditis homims in school children m Japan, and 
subsequently Sandground (1925) discovered what appeared to him to be 
the same organism in nine cases in Southern United States The offspring 
of this species, however, like Strongylotdes inteshnalis, appear in the 
faeces as embryos, not eggs, and furthermore they readily develop into adult 
sexual forms in all sorts of cultures Sandground produces good evidence 
to show that this species is not a human parasite but a coprophagous invader 
of the stools Our cases are certainly not RhahdtUs homims, since the eggs 
as passed are for the most part in a very little-developed condition, aud 
besides they do not develop into adults in culture The eggs certainly 
resemble those of free-living Rbabditis, and it is possible that it is a species 
of this group which has adapted itself to life in the human intestine Hetero- 
dera eggs were found in many places, especially in Bombay 

Hymenolepis Ineections 

Hymenolepis nana appears to be very generally distributed over this 
entire area, just as it is m north-western India The local abundance, how- 
ever, IS extremely variable in different villages in all probability due to the 
habits of the people with respect to the keeping of cook*ed food overriight m 
such a way that rats can get access to it That rats and mice are the source 
of the infections is very stronglv indicated by the distribution m India, as 
I have pointed out in a separate paper (Chandler, 1927) The highest in- 
cidences of infection were found at Ujjain (19 per cent), Bhopal (18 per cent) 
and Jubbulpore (15 per cent) In one village near Hyderabad 11 per cent 
were found to harbour H nana, while in another village only 30 miles distant 
not a single infection was found m 48 examinations Near Nagpur no infec- 
tions were found m 96 people examined The only other places where 
no infections wer^ found were Bhayndar near Bombay, and Dharwar, signi- 
ficantly enough these were the only places where Ascaris infections were 
prevalent This bears out our observations in other parts of India that the 
distribution of Ascaris infections and of H nana infections are directly 
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infections, and 36 1 per cent at Bhayndar, which had 52 per cent of Ascaris 
infections The situation at Dharwar is extremely unusual, for as a rule the 
incidence of Trichuris infections is more oi less m proportion with the Ascaris 
infections The ocairrence of 82 per cent of the latter accompanied by only 
1 per cent of Trichuris cases is a condition which has been found elsewhere 
only m neighbouring places m M} sore and clearly demonstrates that in spite 
of the fact that the two infections are transmitted by food or water con- 
taminated with the eggs of the n orms, the conditions favouring one may not 
be favourable to the other We have found some evidence for this in other 
places also, but the difference in incidence of tlie two infections was nowhere 
else so pronounced 

Nearly everywhere drinking water is derived from wells, either draw- 
wells or step-wells, but m either case they are as a rule well-constructed and 
have raised edges, so that there is little or no possibility of gross pollution 
The few Ascaris infections found are probably due to the occasional drinking 
of polluted water from sources other than the wells or to the occasional 
ingestion of eggs while washing out the mouth with water of tanks, streams, 
or ponds in the course of bathing Tn most places the wells are of sufficient 
depth to contain water throughout the year, but in some villages the wells 
dry up in particularly dry 3'ears, and then holes are resorted to in the course 
of streams which are dried up except for occasional low places , sometimes 
speaal holes are dug This, however, does not lead to any great amount of 
mfection, since m the wet season the streams are flowing and gross pollution 
IS carried away, and when resorted to as a source of drinking water there 
IS no ram to wash the faecal material into the holes which are used 

At Bholakpur (Hyderabad) where 22 per cent of Ascaris and 3 3 per 
cent of Trichuris infections were found, I was not able to trace the source 
of the mfection Here water was piped to the village from the city water 
supply It IS possible that this supply’' may be polluted, but it seems much 
more probable that some local source of polluted water is used during the 
rainy season The pipe water had been in use for about four ^’■ears, and it 
IS possible that many of the infections found were acquired previous to its 
introduction, practicallw nothing is known of the length of life of Ascaris in 
human beings 

At Bhayndar near Bombay water was obtained ‘from a well adjoining 
a ground tank with raised earth banks, and the water of the tank and of the 
well were continuous underneath There was, however, no evidence of 
pollution around the banks of the tank and I think it very unlikely that the 
well was the source of the infections This well was situated about 600 yards 
from the village, and it is very probable that when there is abundance of 

water m the nee fields all around of the village, water is used from sources 
nearer at hand 

At Dharv ar the source of the Ascaris infections appeared at first rather 
mysterious, assuming that it was water-borne, as our observations else- 
where have led us to believe firmly The majority of the people obtained 
leir water from a large lake-like reservoir which is used as a source of 
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prime importance in determining the amount of infection in this part of 
India, since in most places the habits of the people are highly favourable for 
the propagation of hookworm The Arabian Sea monsoon current drops most of 
its rain on the west slopes of the Western Ghats, thus limiting the area of 
heavy rainfall to a comparatively narrow strip The Bengal current supplies 
a moderate and dependable lainfall to the eastern parts of the Central Province'^ 
In the intervening areas the rainfall is too low and too uncertain to permit an 
appreciable degree of hookworm infection to develop 

Indiscriminate soil pollution is practically universal Except m the 
southern part of the Bombay coast the villages are built compactly and the 
defaecation areas occur all around their edges In the soutliern Bombay 
coast, however, the houses are scattered so that each household has its own 
defjecation site This reduces the total amount of infection in the com- 
munity and tends to bring about very uneven degrees of infection in different 
individuals If the villages in this region were compact like those in other 
parts of Bombay and Central India, a considerably higher degree of infection 
than actually exists would be expected 

The nature of the soil exerts a very marked influence on the amount of 
infection, black cotton soil, which prevails over a large part of the Central 
India Agency and the western parts of the Central Provinces, is a parti- 
cularly unfavouiable soil for hookivorm larvae, and, at least where the rain- 
fall IS light and irregular, hookworm infections will probably never be found 
to be of any consequence in regions possessing this type of soil 

Ascans and Tnchuris infections are also negligible except on the 
southern Bombay coast Here nearly every household has its own well, 
poorly constructed without raised edges, so that gross pollution from surface 
washings results during the heavy rams The presence of abundant Ascans 
infection with almost complete absence of Tnchuris infections m a village 
near Dharwar is a very unusual and interesting condition Hymcnolepts nano 
infections occur throughout the area, and are locally very common in parts of 
Central India No less than seven cases of Hyinenolepis dtnumtia infections 
weie discoiered in the 1,606 examinations made in this area, four of these were 
found m 99 examinations at Bhopal, where 18 per cent were infected with 
Hyinenolepis nana 

Guinea-uorm is locally common where step-wells are used in the western 
t\vo-thirds of the area here considered It is especially common in the 
western states of the Central India Agency, and in the Gujerat and Deccan 
Dmsions of Bomlia) Tnchostrongylus infections occur sporadically every- 
where as m other parts of India One case near Dharwar had numerous 
rhabditis-like eggs in the stool, which on culturing produced rhabditiform larva; 
but no adults , it may or may not represent a true human parasite 
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or to the tendency of Indians to use water on flooded ground for drinking 
when an abundance of it is available, or to both, it is difficult to say, but that 
the heavy rainfall does in some way lead to prevalent Ascaris and Tnchuris 
infections appears undeniable 

Guinea-worm (Dracimnilus medinens^s) 

This -worm is common locally throughout nearly all parts of Central 
India and Bombay, east to about the middle of the Central Provinces It is 
said to occur fairly frequently m Damoh District, yet it is said to be absent m 
Joibbulpore Distnct, even where there are step-wells It also appears to be 
absent m the eastern division of the Central India Agency (east of Jhansi 
Distnct) It occurs in some localities in Wardha and Nagpur Distncts and m 
Berar, but strangely enough is said to be absent in the otlier western districts of 
the Central Prownces It occurs commonly in the western parts of the Central 
India Agency and in ,Gujerat, and also throughout Bombay, though it is 
commonest in the Decoan Practically the whole of Hyderabad is subject 
to infection where step-wells are used Kathiawar has less infection, and 
Cutch, like Sind, seems to be free The absence of the infection further east 
can only be attributed to the non-existence of suitable intermediate hosts, 
though why the involved species of copepods should be limited to the 
western half of the peninsula it is difficult to say 


Other Nematode Ineections 

Trichostrongjdus infections ivere found near Hyderabad (2 2 per cent), 
near Rajkot (4 per cent), near Poona (1 per cent), and near Dharwar_ (9 per 
cent) Of the 9 cases found m 100 examinations near Dharwar, 8 occurred 
in Kurbars and Lmgayats and one m a Berad, all adults Only a single 
Strongyloides was encountered, this being at Jubbulpore, but it is probable 
that it occurs much more frequently than is indicated by this Of special 
interest was the occurrence m the stool of a Lingayat female child of 12 
>ears, near Dharwar, of numerous small nematode eggs, 50 to 58 long by 26 to 
30 !*. wide, resembling m size and general appearance the eggs of Rhabditis The 
stool was several days old when examined, and therefore little can be said about 
the stage of development of these eggs at the time they were passed Evidently, 
however, the majority could not have been in a very ad\^nced stage, for most 
of the eggs seefr at examination were in the morula stage, only a few containing 
developed embrjms, Avhich was also true of the hookworm eggs Portions of 
the stool were cultured by smearing on the top of a mound of sterile soil in 
a Petn dish surrounded by water, and also on ordinary nutnent agar The eggs 
hatched and the embryos developed into rhabditiform embrjms, but never proceeded 
beyond this stage to produce either filariform embryros or adult sexual fPrms 
The same kind of eggs was found in the stools of three adult females near 
Anantapur m the Madras Deccan, and m a Christian fisherman in a village near 
Calicut I am unable to exqiress an opinion as to the true significance of these 
eggs m the stools It is possible that it represents a true human parasite not 
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80 miles \\ide m the south, and merging with the Western Ghats in the State of 
Tra\ancore The noithern two-thirds of the interior, including the whole State 
of M}'Sore and the Deccan Division of Madras, as well as the northern parts ol 
Coimbatore and Salem Districts in the south, is an elevated plateau, in most 
places ^arylng ip height from about 1,500 to 2,500 feet, this is a portion of the 
great Deccan plateau of Cential India which also includes a large part of Bombay 
Presidency and the whole of Hyderabad State The southern part of the interior 
is a region of broken groups of lulls and intervening valleys and plains 

Three monsoon currents affect this area The south-west monsoon bemnninij 
in May and extending to September affects the west coast and to a less extent tlie 
whole southern portion of the peninsula This south-west or Arabian Sea current 
sneeps up from the south-west and, striking the Western Ghats, precipitates a 
very heavy rainfall After having passed tlie Ghats very little moisture is left 
and consequently the centre of the peninsula, right down to the southern tip, 
receives very little ram from this current, and the northern parts of Mysore and 
the Deccan Division of Madras still less 

The soutli-east monsoon, beginning about the middle of June and lasting until 
carl}^ in September, sweeps north-eastward across the Bay of Bengal leaving 
little or no rain on the Coromandel Coast From the mouth of the Godavari 
River to the head of the Bay the amount of rain becomes greater and greater A 
certain amount of ram is earned inland through the Agency Division of north- 
east Madras to the eastern and southern parts of the Central Provinces 

The north-east monsoon becomes active as the other monsoons die, and 
brings a fairly heavy rainfall to the Coromandel Coast from the middle of 
Nellore District to the south of Tanjore District A. fair amount is precipitated 
m a belt 25 to 60 miles wide inside the Fastern Ghats, whereas the centre of the 
peninsula gets very little Its piecipitation is, however, never as great as that of 
the south-west monsoon Although tliere is usually an interval of about a month 
between the two monsoons which affect southern India (the south-westei n and 
the north-eastern), they come near enough together so that fiequently the ground 
IS kept moist in favoured spots for the greater part of the time from May to 
November rmnevelly and Ramnad get fair rainfalls only in October and 
No\ ember, from the north-east monsoon, and very little from the south-west 
carliei m the season Coimbatore and southern Mysore get a moderate amount 
from both while the southern part of the west coast gets a large amount from 
both 

The people of South India arc almost entirely Dravidian and nearly 90 per 
cent are Hindus Telugus inhabit the north-eastern parts of the Presidency 
while the majority m the south are Tamils On the north of the west coast the 
inhabitant^; are Kanarese, and further south Malayalum Primitive hill tribes 
inhabit some of the mountainous districts of the soiith-w^est 

Rice is the most important single crop in the south Where the rainfall is 
sufficient, this crop is growm on non-irngated ground whereas m the drier central 
parts of the iiemnsula irrigation is very extensive In the Deccan talilelands of 
Mysore and northern Madras there are very extensive areas under wheat, millet, 
ragi and m some districts cotton There are extensive forests in the mountains. 
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opposite, although where small percentages of both occur, they occur to- 
gether m as many cases as would be theoretically expected Seven cases of 
Hymeuolcpis dimmita were found, 1 near Jubbulpore, 4 near Bhopal (both 
places with very high inadences of H nana infections) 1 near Viramgram, 
and 1 near Hyderabad 


Other Infections 

No fluke infections were found anywhere m the area Taenia eggs were 
encountered m three cases neai Jubbulpore, but not elsewhere 


Suggestion for the Reduction of Helminthic Infections 
The degree of hookworm infection is so light throughout all of this 
area except the Konkan Division of Bombay that no special measures for its 
reduction appear to be necessary, the climiatic conditions take care of the 
situation On the southern Bombay coast education m the method of pro- 
pagation of hookworm infections and m the injury resulting from them 
should be undertaken, and an attempt made to get the people to adopt some 
simple type of latrine, or at least to- utilize logs, roots of trees, or other 
sinular places for standing on during defaecation Along the Malabar Coast 
latrines are by no means uncommon among the better class of people, and 
it is quite possible that in time some progress along this line can be made 
The amount of Ascaris infection, also is not sufficient to be worthy of 
much consideration except on the southern Bombay coast Here the wells 
are for the most part not protected by raised edges, and must be grossly 
contaminated by surface washings during heavy rams Demonstration of 
the prevalence of Ascaris infections by treatment of a group of school 
children would m most cases make a sufficient impression so that some effort 
would be made to protect the dnnking water sources from surface washings 
during the rams Certainly one of the most important sanitary problems m India 
IS education of the people in the importance of protecting drinking water 
from pollution A Brahmin would not accept a cup of boiled water from the 
hand of an outcast, yet m most cases he would not hesitate to drink water 
from a tank or well grossly polluted by the faeces not only of himself and 
his family but also of other members of the community 

Hymenolepis infections are sufficiently common throughout Central 
India to be worthy of consideration with a view to pievention Suggestions 
on this point have already been made in the report on North-west India 


Summary 


Hookworm miection is eNtremely low throughout the greater part of 
Central M,a and Bombay There ,s a small area ra the eastern part of the 
Central I rovinces which has a moderate degree of infection, while there is 
every reason to believe that the amount of infection is fairly high in the 
southern part of tlie Konkan District of Bombay, Clunatic contos are of 
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In spite of the extremelv high incidence of hoolcworm infection, 97 1 per cent 
harboured worms without appreciable symptoms, and even of the coolies emi- 
grating for the second time 94 per cent were m good or fair health Seventy- 
eight per cent of returning coolies emigrate back to the Straits Settlements within 
a j'ear, of these 95 per cent were in good health In three of four post-mortem 
examinations made, less than 30 worms w^ere found , the fourth one had 20 neca- 
tors, but was in good health The evidence from this, therefore, is that althoiigli 
the incidence of infection is high the degree of infection is low and the effect on 
health apparently very slight in contrast to the reports from other countries, where 
heavy and injunous infections are found among this same class of people 
The good health of re-emigrating returned coolies indicates that however much 
they may suffer from increased infection m such countries as Malaya and Ceylon, 
the effect wears off very quickly after residence in India , this bears out our 
evidence (Chandler, 1926) that hookworms are lost very quickly when re-infec- 
tion IS checked This work at Negapatam was the first direct evidence that in- 
fection in Indian coolies is less at home than it is after emigration to countnes with 
more favourable conditions for the propagation of hookworm infections It mav 
be stated here that all subsequent work has borne out this idea so that now it can 
be accepted as an indisputable fact that the Indian coolies who develop heavy and 
highly injunous infections abioad are for the most part lightly infected and 
practically immune from symptoms in their own country 

From 1917 to 1919 the ankylostomiasis inquiry in Madras was transferred 
to Dmdigul Here an equally high incidence of infection was found In 12 post- 
mortem examinations, the a\erage number of hookwonns harboured was found 
to be 11 in the upper and middle classes, 21 2 in police constables and 127 in 
sweepers Ascaris infections were found in 37 3 per cent and tnchuns in 
11 9 per cent In villages near Dmdigul, also, an incidence of 100 per cent was 
found, with 20 4 per cent ascaris and 7 6 per cent tnchuns 

^York was carried on in the Tnchmopoly Jail .from 1917 to 1923 Here a 
total of 7,930 new' arrivals were examined, representing nearly every district in 
Madras A total of 97 6 per cent were found infected, the incidence did not fall 
below 87 per cent in the induiduals from any one district The ascaris incidence 
w'as 42 7 per cent, tnchuns 26 2 per cent, and strongyloids 8 2 per cent Here 
some illuminating w'ork on the number of w'orms harboured was done by counting 

worms after treatment In Rellary and Anantapur Districts the average worms 

were onlj 6 2 and 8 2, respectively , m Tinnevelly and Ramnad 21 2 and 24 6, res- 
pcctuel} , 111 Madura Coimbatore, Salem and Trjehmopoly between 28 and 41, 
m Tanjore 92 5 , and in Malabar 102 8 In Coimbatore Jail also high incidences 
of infection w'erc found 

In 1921 some investigations w'ere made on tea estates m the Annamalai Hills 
in south-western Coimbatore, w'here practically 100 per cent infection was found 
^Yorm coiints'after treatment of 174 individuals showed an average of 92 9 worms, 
the largest number being found among the low' class Panchamas of Coimbatore 
District All of this work has been summarized m a single paper by Mhaskar 
(1924) 
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AND OTHER HELMINTHIC INFECTIONS IN INDIA 
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MADRAS PRESIDENCY AND SOUTHERN STATES 
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The Madras Presidency with the Native States of Mysore, Sandur, Coorg, 
Cochin and Travancore covers an area of about 184,000 square miles, a httle less 
than 2^ times the area of Bengal It has a population of 53,922,000, which 
gives an average density of about 293 per square mile The greatest density is 
m the districts and states of the west coast where it averages about 475 per square 
mile, and lowest m the Agency Division (the interior of the northern part of the 
East Coast) where it averages only 75 per square mile The East Coast South 
also has a fairly heavy population of 442 per square mile The Deccan areas of 
Mysore and Madras average about 150 per square mile, and Coorg 104 

On the west coast there is a narrow coastal strip 25 to 50 miles wide bounded 
by the mountain range known as the Western Ghats, rising to an average height 
of betiveen 3,{KX) and 4,000 feet, with occasional much higher peaks- Except 
for a comparatively narrow pass m South India these mountains extend in an 
unbroken senes from the nortliern part of Bombay Presidency to the southern tip 
of tile pemnsula A broad spur extends eastward to involve Coorg and parts of 
Western Mysore, another, the Nilgiri Hills, extends north-eastward in the Nilgin 
and nortliern Coimbatore Districts, leaving a high and wet tableland, known as 
the Wynaad, between them and the Ghats proper, still another, the Anamalai 
Hills, extends eastward into the Madura Distnct In these spurs of hills and high 
tablelands, particularly in Coorg and Western Mysore, in the Wynaad, and in 
Coclun and Travancore, there are extensive plantations of tea, coffee, and other 
special products On the eastern side of the pemnsula there is a more broken and 
irregular and less Mty line of lulls, the Eastern Ghats, which leaves a coasUl 
stnp of irregular width about 30 to 50 miles wide in the north and from 50 to 
' ( 15fl ^ 
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an 


north-east monsoon m October The western part of Hassan Dislncl Ms 
niuch heavmr ra.n than Hassan itself Bangalore, on the other hand, at an 
eleyanon of about 2,900 feet, gets a fair rainfall August, Septeiuter and 

Uctober, but it has a drier atmosphere and lighter and better drained soil and 
therefore, although the incidence of infection is high (about 90 per cent) the 
infections are very light Coimbatore and Salem he at lower elevations south 
0 the Mysore plateau Both are very dry, Coimbatore has a monthly rainfall 
exceeding 5 inches only in October and Salem between 5 and 7 inches m August, 
September and October Salem itself is more favoured by ram, l 3 nng as it 
does near the foot of the Shevaroy Hills, than are other parts of the district 
except these hills themselves As at Bangalore, the light well-drained soil and 
dry atmosphere, together with a distribution of the rainfall over less than a third 


of the days in the month, prevents the soil from remaining continuously mois*' 
even with 7 inches of ram in a month Sanitary conditions were worse in the 
Salem village than in any other place which we inspected m South India, or in 
fact in any part of India, and therefore the drjmess of the climate has a highly 
beneficial effect so far as hookworm infections are concerned By reference to 
Dr Kendnck’s table it will be seen that coolies from Coimbatore and Salem 
Districts have lower average eggs per gram and a lower percentage of infections 
of "600 or more eggs per gram than any others examined at Mandapam 

Near Ootacamund, at an elevation of 7,500 feet m the Nilgins, we found 
hookworm practically absent in spite of favourable habits and 8 months of tlip 
year with from 5 to 8 inches of ram The village studied, however, was situated 
on a hill-side from which the ram would run off verj’’ rapidly Furthermore, the 
soil was very light, the atmosphere dry, and the temperature suffiaently low 
seriously to retard lan^al development, so that a longer period of continuous 
moistness would be required 

On the west coast we studied villages at Mangalore, Calicut, Emakulum, 
Trivandrum, interior Travancore villages, and coolies from several estates in the 
Wynaad area The entire west coast, up to a little distance over the crest of 
the Ghats, is a country of very heavy rainfall, dense forests of cocoanut and 
other trees, and heavy jungle In the South Kanara District m the north most 
of the rain falls in June, July, August and September, but m southern Malabar 
and Cochin the rams of the south-west monsoon break early m May and continue 
through October, and m many parts of Travancore they begin in May and extend 
to near the end of November, with only a partial break m August and September 
As one would expect, such a long rainy season, accompanied by favourable soil 
conditions, high humidity, and abundant shade, leads to comparatively heavy 
hookworm infections The latter are, however, somewhat modified by the nature 
of the villages, as discussed in the following section, and consequently it is only 
in especially favourable situations for the propagation of the disease, as in 
espeaally densely clustered villages or in coolie lines on estates, that the degree 
of hookworm infection reflects tlie full benefit of the favourable climatic condi- 
tions The beach villages, consisting mainly of fishermen, have relaUvely io\% 
degrees of infection due to the habit of using the beach for defecation At 
Cahcut, for instance, the average eggs per gram among the fishermen on or 
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and on the west coast there is a very important industry in cocoanuts, in fact the 
whole west coast where not cleared is densely forested witli cocoanut trees 


' Human InfeIcI'ion ^ 

Madras Presidency, unlike any other part of India, has been the scene of 
very extensive investigation into the prevalence and importance of hookworm 
infection Interest in the infection in this part of India arose largely from the 
fact that a very high proportion of coolie labour exported from India to other 
parts of the world, particularly Mala)^a and Ceylon, are Tamils from South 
India, and after transportation these labourers were found to suffer severely from 
heavy hookworm infections It was assumed that the infections were brought 
from India, and that therefore an investigation into the problem m this country 
was not only, of national but of international interest The International Health 
Board of the Rockefeller Foundation became interested, as did the Government of 
India, and a grant for investigation m Madras Presidency was made by the 
Indian Research Fund Association in 1916 Prior to that time investigations 
had been made in a number of jails and hospitals, w^hich showed a relatively high 
incidence of infection as compared with other parts of India by the simple smear 
method of examination then in use 

The first investigation under the auspices of the Indian Research Fund 
Association was made in the emigration depot at Negapatam where large numbers 
of coolies from many parts of South India were being exported for labour on 
estates m foreign countries In 1916, when the work was started, 41,536 coolies 
with 2,056 infants passed through the depot, the average stay being only 48 hours 
The stop at Negapatam, therefore, could have practically no effect on the hook- 
worms harboured, and a fair indication of the amount of infection in various 
districts and states could therefore be obtained from an examination of these 
coolies Dr. Mhaskar was placed in diarge of the field work 

The results of investigabons made at the Negapatam depot and in other 
places m Tanjore Distnct were as follows — 



Depot 

(7,477 exam ) 

Negapatam 

town 

(1,455 exam ) 

Village 
Swamimalai 
(144 exam ) 

Village Tiruna 
Geswaram 
(95 exam ) 

Hookworm 

j 

1 98 5 per cent 

i 91 4 per cent 

100 per cent 

100 per cen^ 

Ascaris i 

604 „ 

704 „ 

528 „ 

399 „ 

Tncliuris 

344 „ ' 

44 8 -, 

34 „ 

416 

Strong}doides 

72 „ 

83 „ j 

0 

0 

Tiviiw sohnm 

05 ., 

07 „ 

0. 

' 0 

Tccma sagimta 

06 „ 

02 ., 

0 

1 

1 0 
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In 1925 an extensive investigation oI hookworm infection was begun at 
Mandapam Camp, which is the point of embarkation for coolies going to Ceylon 
Dr J F Kendnck, of the International Health Board, who had been active in the 
earlier work m Soutli India also, took over direct control of both the field and 
laboratory work which was being conducted jointly by the International Health 
Board and the Madras Goveniment The importance of determining the degree 
as well as the incidence of infection having been demonstrated in the meantime, 
and a practical and sufficiently reliable method of determining the degree of 
infection in communities by egg counts having been worked out by Stoll, 
Dr Kendrick renewed his investigations by the egg count method From 
September 1925 up to the end of 1926 over 35,000 egg counts were made Of 
these 15,621 were made on coolies arriving at Mandapam Camp from various 
districts in South India , the rest were made on the general population m some of 
the districts themselves With the kind consent of the International Health Board 
and of the Director of Public Health of Madras, Dr Kendrick has provided me 
with a complete record of his findings in the Madras Presidency, although they 
have not yet been published A summary of the findings is given in Tables I and 
II It should be noted that in this table the percentages ,of infection are low as 
compared with ours because it represents only those individuals positive by the 
egg count method, whereas' our tables include those negative to egg count but 
positive to the direct centrifugal flotation mefliod 

It will be seen from a study of the tables summarizing Dr Kendnck'^s work 
that the highest average eggs pei gram and also the highest percentage of indivi- 
duals with over 600 eggs per gram are found in Malabar and Travancore on the 
west coast, next in order come Tanjore, Chingleput and Madura, then North 
and South Arcot, Ramnad, Tinnevelly, Trichmopoly, and 'Chittoor, then Coim- 
batore, Salem and South Kanara , and finally Cuddapah The figures for 
Pudukottah are not directly comparable with the others since all the individuals 
examined were in the age groups having the heaviest infections It will be noted 
tliat there is a very marked difference in the Madura figures, and even more m 
the Tanjore figures, between examinations made at Mandapam Camp and those 
made m the districts themselves 


This IS probably due largely to the fact that the coolies examined at Mandapam 
are drawn from the -very lowest classes, mostly of rural origin, while those 
examined in the districts are to a large extent better class people, since such 
people will more readily co-operate in supplying stool samples, and many of them 
are undoubtedly town residents Since the coolies remain at Mandapam for an 
average of only 4 or 5 days, there can be no appreciable change m their hook- 
worms after leaving their homes There are, however, two other factors which 
enter into the figures It is quite possible that not all the coolies who state that 
they come from a certain distnct have actually lived m that district during the 
preceding season The other factor ,s the effect of previous residence on Ceylon 
eslales Eel^een 35 per cent and 40 per cent of tire coolres examined have 
previously heel, fo Ceylon, and Dr Kendnck’s analysis of Ins figures shows that 
tiese coolies have egg counts 24 per cent higher than those of coolies who have 
not previously emigrated It may be concluded, Aerefore, that the degrees S 
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Coast), from the middle of Nellore District to Palk Strait, gets a fair rainfall in 
Octobei and November and many localities also get falls in August, September 
and December sufficient to keep the gioiind moist, the greater part of the time 
under the favourable conditions of soil and humiriit)' Our localities near 
Madras and Nellore fall in this area, and both have relatively high indices of 
infection Bezwada is in the narrow area between the part well supplied with 
ram by the north-east monsoon and the more northern districts which benefit from 
the south-east monsoon, and consequently has a lower degree of hoolnvorm infec- 
tion The south-east monsoon delivers a better supply of rain to the intenor 
parts of Ganjam and Vizagapatam Districts than it does to the coastal areas, due 
to striking against the hills of the Eastern Ghats The effect of this is well 
demonstrated by a comparison of the amount of hookworm at Waltair and at 
Parlakimedi The former has an average of 554 eggs per gram and the index 
of infections is 171, the same as at Bezwada, while the latter has an average of 
1,074 eggs per gram and the index of infection is 274 The entire Agency 
Division of north-east Madras probably has a degree of infection comparable 
with that of Parlakimedi for, although the population is sparse, the villages are 
fairly compact and conditions are favourable for hookworm propagation through 
5 months m the year 

As stated before, we ourselves made no investigations in the south, central 
and south-eastern districts of the peninsula, since Dr Kendrick’s extensive work 
among people m and from these parts was sufficient to show how they compared 
with other districts, and our work overlapped his in other parts sufficiently to 
show to what extent his results among embarking coolies, and among the general 
inhabitants of the districts, were comparable with our investigations among the 
ordinary rural villages It is evident from Dr Kendrick's figures that Tanjore 
District has a relatively high degree of infection, and can undoubtedly be com- 
pared with Chingleput, whereas Trichinopoly, Madura, Ramnad and Tinnevelly 
occupy an intermediate place between Chiilgleput and Tanjore on the one hand 
and Coimbatore and Salem on the other From a careful study of the climatic 
and topographical conditions, together with a study of our own and Dr Kendrick’s 
results, we have shown on Map 1 what we believe to be the probable extent of 
the areas having different indices of infection 

The very large number of examinations made by Dr Kendrick gives very 
useful information concerning the relative amount of infection of the two 
sexes m different age groups Table II is an analysis of Dr Kendrick's result 
It will be observed that in both sexes both ihe incidence and degree of infection 
steadily increase with age, but less rapidly in females than in males In the lowest 
age group the females have more- infection than the males, but the males pass 
the females m the 10 to 19-year group, and continue to become relatively more 

heavily infected m the higher age groups 

Necafor amencanus is ovei-whelmmgly the predominant species of hook- 
worm affecting man in South India In' 36,685 worms recovered ly Mhaskar 
(1919) from 525 persons treated m the Central Jail at Trichinopoly, 95 3 per cent 
were necators and 4 7 per cent ankylostomes The relative percentages found 
in men from different districts are shown in Table IV The highest incidence:. 
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Tabi,u II 


Smwmy of Incidence and Degiee of Hookworm Infecftonm Males and 
Females of Different Age Groups According io Nearly 30.000 Evammahons 
made by Dr Kendrick in Madras Presidency 


Age 

Sex. 

Number examined 

Per cent 
hookworm 

Average epg 

1—4 

male 

female 

834 

893 

591 

619 

239 

280 

5-9 

male 

female ^ 

2171 

1,752 

629 

699 ! 

i 279 

j 307 

10—19 

male ^ 

5,351 

73 5 

408 

female 1 

2,156 ! 

757 

370 

20—50 * 

male 

11,526 

79 6 

508 

female 

4,516 

83 2 

446 

j 

Over 50 

male 

1,290 

82 

597 

female 

468 

86 

j 447 

Tom 

male 

female 

21,172 

9,785 

757 

774 

454 

-390 


infection, found by Dr Kendnck at Mandapam Camp are in general somewhat 
higher than would be found among the rural people of the districts, whereas 
his figures for the distncts are likely to be a little low for the rural population 
Our own investigations were made at Chitaldroog, Hassan and Bangalore m 
Mysore State, at Anantapur in the Deccan Division of Madras, at Mangalore, 
Calicut, Ernakulum and Trivandrum on the west coast, at Ootacamund m the 
Nilgins , at Coimbatore and Salem in the centre of the country , and at Madras, 
Nellorej Bezwada, Waltair and Parlakimedi on the east coast, and in addition we 
examined specimens sent to us from the Wynaad tea estates by Dr Kendrick’s 
field man We omitted the south-eastern part of the peninsula since Dr Kendrick’s 
extensive work m this part would have made any work of ours there unnecessary 
repetition 

Chitaldroog m northern Mysore and Anantapur in Madras are typical of the 
southern Deccan, where the rainfall is very light and very irregular, and where 
conditions are very similar to those found in the western part of the Deccan in 
Bombay At Anantapur only 4 extremely light infections were found in 
100 examinations, all of them under 100 eggs per gram At Chitaldroog 28 of 
75 were found infected, but all but two of these had less than 100 eggs per gram 
It IS evident, therefore, that in this part of the country hookworm infections are 
practically absent 

Bangalore, Hassan, Coimbatore and Salem are all situated in the north 
central portion of South India Bangalore and Hassan are both on the Mysore 
tableland, but Hassan is on an elevated spur of the Western Ghats just nortli of 
Coorg, at an eIe\ration of about 3,100 feet It is near enough to the westera 
mountains to get a fair rainfall from the south-west monsoon m July and from the 

1 , MR 
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the male portion of the population follow the time-honoured custom of defiecatinp 
on any plot of open ground or in some water course unmindful of surroundings, 
while women and small children retire to the backyard or some small enclosure 
specially laid apart , and the process of cleaning is left to the sun, the wind, the 
rain, the fowls, the pigs, and such a body of sweepers as may happen to be 
maintained by the Local Board ’ It must be remarked that under the present 
efficient organization of the Director of Public Health, with his municipal ami 
district health officers, who foi the most part appear to be intelligent and earnest 
men, conditions m many of the larger towns have very materially improved, and 
there is hope for more improvement in the future In the villages, however, the 
situation IS less hopeful Very earnest efforts are being made to improve rural 
conditions by propaganda, demonstration and governmental assistance, but the 
progress is extremely slow 

In nearly all villages in South India the defjecation takes place indiscriminately 
in any available ground near the houses The arrangement of the houses in 
villages everywhere m this part of India, except on the west coast, is ideal for 
the propagation of hookworm infections Thioughout the greater part of the 
United Provinces and North-west India the houses are built m such compact groups 
that no available ground is left foi defecation inside the village walls, nor would 
such pollution be tolerated except m the case of young children, even if some of 
the adults were willing to commit a nuisance in such extremely public places In 
many parts of Assam and Burma, on tbe other hand, and on the west coast of 
South India, the houses are provided with large individual compounds and an; 
separated by fields or patches of jungle so that there is often no common defseca- 
tion area , each household has a particular bit of jungle or waste land to which 
the members go But throughout the rest of South India the houses are arranged 
in what might be termed loose groups, not sufficiently compact to prevent pollu- 
tion inside the village limits, and not sufficiently scattered to prevent a mingling 
of people from different households m common defaecation areas 

As a rule, especially among the lower castes, the males desire very little 
privacy When passing through the country on a railway tram early in the 
morning, men can be seen squatting, frequently only a few yards apart, all 
around the edges of the villages They usually go a little farther out than do the 
females, the nearer places being more or less reserved for the latter The places 
particularly favoured are open passageways or small clearings in thickets of 
prickly pear, the bed of dry streams, the sloping banks of wet streams and ground 
tanks, and around the edges of cultivated fields Such places anywhere within 
75 to 100 yards from the houses are constantly used, so that tbe ground in these 
places must be very heavily infested with larvae when climatic conditions permit 
their development The women and children most commonly defecate very close 
to home, more often than not within the village Iiirats, in thickets of prickly pear, 
within the walls of a fallen house or in passageways between or behind the houses , 
m fact m any place, however near, where temporary privacy, can be obtained 
Since most of the men leave the village or congregate m certain parts of it during 
the later hours of the morning, such temporary privacy is very easy to obtain 
In many villages in South India there are special enclosures, provided with rubble, 
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Index of Ascans 
infection per cent 

Tnchuns 
per cent 

1 

Hymeno- 
lepis 
fiaua 
per cent 

Miscellaneous 

25 

13 3 

0 

53 

• 

2 

1 

1 

3 

H dwwinta 1 case, 

Rhabditis(?) 3 cases 

90 

448 1 

1 

j 

0 

31 

H dnn^mita 2 per cent, Fasciolopsis 1 case, 
Oxyiins 1 case 

157 

573 

0 

0 

Oxyiiris 1 case, Heterodera 1 case 

97 

12 

53 

27 

Oxyuris 5 cases 
/ 

126 

58 

17 

14 

Tcxnia 1 case, Tnchostrongylus 1 case 

Mabditisf^) 2 cases, Oxyuns 4 per cent, 
Diphyllobothnum 1 case, Heterodera 1 case 

11 

906 

37 3 

67 

Tnchostrongylus 1 case, Oxyuns 1 case 

200 

96 

84 

0 

Tnchostrongylus 1 case, Oxjuns 5 cases 

239 

100 

981 

0 


314 

804 

84 8 

0 


348 

81 4 

95 3 

0 

Tnchostronglus 7 per cent, Fasciolopsis 1 case, 
Heterodera 1 case 

198 

100 

95 

0 

Oxyuns 3 cases, Heterodera 1 case, Rhabditis(?) 

1 case, Fasciolopsis 1 case 

Oxyuns 1 case, Rhabditis (?) 1 case, Heterodera 
1 case 

210 

91^ 

79 

0 

251 

73 2 

93 

0 

Heterodera 1 case 

264 

61 4 

57 4 

1 

Oxyuns 1 case, Heterodera 1 case 

284 

\ 

75 

68 

18 

Oxyuns 2 cases 

248 

78 

72 

0 

Oxyuns 6 per cent 

234 

483 

60 7 

0 

Heterodera 1 case 

171 

13 3 

27 

0 

Oxyuns S3 per cent, Heterodera 1 case 

171 

63 

50 

3 

Tnchostrongylus 1 case, Oxyuris 3 per cent 

274 

56 7 

27 8 

21 

Oxyuns 4 cases 
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near the ocean front were 908 and the index 6f infection 239, while among the 
agricultural class living on laterite soil or laterite soil mixed with sand, far 
enough away from the beac^ so that the latter would not be used as a defEecation 
site, the average eggs per gram were 1,810 and the index of infection 314, and 
this m spite of the fact that the agncultural people live in houses well separated 
from each other with individual defsecation areas The village studied at 
Emakulum more or less combines the favourable conditions of both the beach 
and back-country villages m that the defsecabon places are for the most part not 
on an open sandy salt-impregnated beach, and on the other hand the houses are 
fairly closely situated, allowing a certain amount of intermingling of individuals 
from different households on common defaecation areas This Emakulum 
village had the highest index of infection, 348, that we found anywhere m South 
India except m the anterior of Travancore In a beach village near Trivandrum . 
in Trawncore, where all the defeecation areas were on pure sand, and where the 
beach itself was very extensively used, especially by the males, the average eggs 
per gram were 603 and the index of infection 198 At Mangalore the village 
studied was not directly on the beach but was on hilly land, with the houses well 
separated and with large compounds The shorter rainy season combined with 
the scattered arrangement of the houses is evidently sufficient to keep the degree 
of infection well below that of the more southern parts of the west, coast The 
average eggs per gram here were 700 and the index of infection 200, which is 
comparable with scattered hill villages with similar climatic conditions in Assam 
and Burma 

Samples from three tea estates in the Wynaad plateau, together with data 
concerning the enviroiunental conditions, were kindly collected for us by 
Dr Kendrick’s field men under instructions from Dr Kendrick The coolies on 
these estates live in lines similar to those on tea estates in Assam and Bengal, 
and mingle on common defaecation areas The average eggs per gram were 
890 on the Jessie Estate, 1,371 on the Chundale Estate, and 1,478 on the Arapattu 
Estate The amount of infection on these estates is, however, not as different 
as this rmght indicate, for the presence of a single infection of 10,000 eggs per 
gram would add 100 to the average for 100 individuals and 200 to the average 
for 50 The indices of infection, varying from 251 on the Jessie Estate to 
284 on the Arapattu Estate, give a much truer indication of the relative amount 
of infection on these estates, and also with reference to other places 'as well 


One feature of the infections on villages in this west coast area is the great 
variability in intensity of infection, even among neighbours, evidently due to tlie 
separate defaecation areas for the individual houses Among the agricultural 
people m a village near Calicut, for instance 15 per cent including negatives, 
had less than 100 eggs per gram, 39 per cent had from 100 to 500, 19 6 per cent 
had from; 600 to 2,000, 13 per cent had from 2,100 to 5/X)0, and 13 per cent 
had over 5,000 ranging up to 21,000. On the estates, on the other hand, with 
COTimon delation areas, 65 to 70 per cent fall in the two groups between 
100 and 2,000 eggs per gram 

n ^ investigations were made m villages near Madras, Nellore 

Bezwada, ^^altalr and Parlakimedi The southern Madras Coast (Coromandel 
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TliQ Pi cvdlciiCB diid EpidBiniotogy of Soohwoiiu 


In the northern parts of South India pigs are seldom found in abundance in 
tile villages, and are frequently absent entirely (eg, villages studied in Mysore 
Anantapur and the north coast areas) whereas in the villages in the more souUiern 
areas (eg, Coimbatore, Salem, Chmgleput and the west coast), pigs are usually 
present, being kept in large numbers in the parts of the villages occupied by tlic 
lower classes From a study of the infection, however, and also from a survey 
of tlie epidemiological conditions, it does not appear probable that the devouring 
of stools by pigs has any appreciable effect on the amount of hookworm infection 
The droppings of the pigs containing the undamaged eggs are usually left in the 
same general localities as the original human stools The same may be said of 
dogs The devouring of stools by cattle and buffaloes may have some beneficial 
effect, as was pointed out in IPart V of this senes The mixing of stools iv^tli 
soil by dung beetles takes place throughout tlie season when tlie ground is moist 
as It does in other parts of India 

Throughout most of South India the soil is favourable for hookworm develop- 
ment , a large part of tlie country is covered with latente soil or soil derived from 
the disintegration of rock, with a considerable admixture of sand in some of the 
coastal areas Heavy clay soils and black cotton soil are not common except in 
parts of the Deccan areas of Mysore and Madras 

The wearing of footgear among the rural people or even in towns is very 
rare in all parts of South India, and can be neglected as a factor in the epidemio- 
logy of hookworm, except among the upper class non-agncultural people of the 
towns and aties 

CniMATic Conditions in Relation to Hookworm Infections 
As in most other parts of India, the climate, and particularly the amount 
and distribution of the rainfall, i^i the dominant factor m determining the amount 
of hookworm infection in the diffeient parts of South India 

In the general account of the nature of the country in South India a bnef 
descnption of the three monsoon currents winch affect South India was given 
It will be clear from this that the amount and distribution of rain in different 
partsj of the country is very unequal 

The north-east coast, from the mouth of the Kistna River northward, gets 
suflfiaent ram from the south-east monsoon to keep the ground more or less con- 
tinuously moist dunng July, August and early September, and m some parts the 
latter part of June and the whole month of October also have a sufficient rainfall 
to keep the ground moist The southern coast districts get suffiaent ram in 
October, November and December, with September more or less uncertain In 
some years sufficient ram is delivered by the south-west monsoon in both August 
and September to keep the ground almost continuously moist m both these 

months , 

The northern part of the centre of the peninsula (nortliern Mysore and tn 
Madras Deccan) largely escapes all three monsoons, and therefore has a very 
uncertain and irregular rainfall, just as is the case m the ‘ no-man’s land ’ between 
the south-east and south-west monsoon m .some parts of Central India There is 
on the average’ an insufficient rainfall to keep the ground continuously moist in 


Asa G Chandteu 


1(59 


Tabi^U IV 


Pciaitvc Auwbeis of Necatois and Ankylosfomes m Various Districts m Madias 
According to Results of Treatment in Trichuiopoly Jail Prom Mhashar 


District 

Number 

examined 

Total 

worms 

Per cent 
necator 

Per cent 
. ankylostoma 

Bellary 

18 

112 

964 

36 

Anantapur 

8 

66 

97 0 

30 

Salem 

10 

352 

969 

31 

Coimbatore 

26 

902 

96 5 

35 

Trichmopoly 

116 

9,489 

978 

22 

r 

Tanjore ' 

187 1 

17,278 

936 

64 

Ramnad 

38 

935 

960 

40 

Madura - 

62 

1,780 

986 

14 

Tmnevelly 

8 

169 

95 3 

47 

Malabar 

72 

7,400 

951 

49 

Totai< 

545 

36,685 

95 3 

47 


of ankylostornes were found in people from Malabar and Tanjore, and the 
lowest in Madura and Trichmopoly Dr ICendiick informs me that in his exten- 
sive experience, also, less than 5 per cent of the total worms are ankylostornes 
This IS an interesting contrast as compared with North India In Bengal about 
20 per cent of the worms appear to be ankjdostomes, and, according to Korke, 
the latter seem to be actually predominant m northern Bihar It is quite possible 
that this will be found to be the case in the United Provinces also 

Def;ecation Habits and othbr Factors Influencing the Degree of 

Infection 

Throughout all of South India the habits of the people are as nearly ideal 
for the development of heavy hookworm infections as one could find anywhere 
Except among the better class people on some parts of the west coast, soil pollu- 
tion IS a universal habit in the villages, and to a very large extent m the towns 
also The condition of sanitation in many of the towns of South India has been 
accurately described by Mhaskar (1924) in the following description of Nega- 
patam ‘ Like most of the towns in tins part of India, Negapatam is m fact little 
more than a collection of villages The state of sanitation is indeed little better 
than that m ordinary villages where it usually is shockingly bad Sewage and 
refuse water is not uncommonly allowed to desiccate in backyards and even m 
public streets Privies are found in some of the houses, but seem, oftener than 
not, to be put to any use except the one they are meant for The greatest part of 
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86 7 per cent and the index of infection 97, though probably the extensive 
irrigation has some effect here ' 

As hns been pointed out before, a precarious and irregular rainfall is less 
favourable for hookworm propagation than a constant one, even if for only a 
month or two in the year, and this is one reason for the almost complete absence 
of hookworm in the Deccan It is also evident, as was shown in a comparison 
of Dharwar and Sholapur in Bombay, that a light rainfall of 5 to 7 inches is 
much more likely to allow hookworm propagation if distributed over 10 or more 
days in a month than if limited to 6 or 8 days, especially if the drainage is good 


Other Helminthic Infections 

The coprophagous infections are common in most parts of South India as 
will be seen by reference to our results shown in Table III and Dr Kendrick’, 
in Table I In general these infections are relatively low in the dner parts and 
relatively high in the wetter parts Anantapur, for instance, had only 1 per cent 
eacli of ascaris and trichuris infection, Chitaldroog 13 3 per cent, and Coimbatore 
12 per cent, whereas on the west coast the incidences are from 80 to 100 per cent 
Dr Kendrick also found the highest incidences on the west coast 

As in other parts of India, the ascaris infections can be correlated with gross 
pollution of the drinking water Wherever ascaris infections were high, the 
drinking water was found to be obtained from ditches, streams or ground tanks 
into which considerable quantities of faecal material would be washed during the 
rams, whereas in localities with a low ascaris incidence the water was obtained 
from wells with raised sides, which could not be polluted in this way We 
believe that the partial correspondence of low ascaris infections with dry areas 
IS due only to the greater frequency of wells as a source of water in these places 
At the Anantapur village studied, water was obtained by most of the people from 
wells which could not be grossly polluted , a few of the lower caste people obtained 
water from a flowing stream at some distance from the village, but, as has been 
pointed out in preceding sections, such flowing streams, even when reduced to a 
senes of semi-stagnant pools, cannot be a prolific source of ascaris or trichuris 
infections At the Chitaldroog village, also, water was obtained for the most 
part from wells, though at times some of the people resorted to polluted tanks 
At the Coimbatore village, also, nearly all drinking water was derived from wells 
At Bezwada, which is the only other village we found with an incidence of less 
than about 50 per cent ascaris infections, there were a number of well-constructed 
pnvate wells, but water was also taken by the lower caste people from a canal 
at one side of the village During the rainy season the water m this canal has a 
good flow and when it subsequently becomes reduced to semi-stagnant pools 
there is little opportunity for fscal material to wash into it At the Bangalore 
village which had just under 50 per cent ascaris infection the water used was 
unfiltered water from a tap connected with the Bangalore City supply carried 
from a distant reservoir This, however, had been in use only a short time and 
a number of wells wtliout raised edges were previously used, in fact were still 
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EPTEMBER 

1 

1 

October. j 

NovfiMBfiR. 

DfiCEMBER 

Total 

Locality 

ys 

Inches 

Rainj 

days 

1 

j 

Inches | 

1 

Ramy 

days 

Inches 

Rainy 

days 

Inches 

Rainy 

days 

Inches 

Deccan — 




i 

j 







Anantapur 

77 

5 98 

! 58 

1 

3 85 

27 

166 

05 

017 

34 0 

2131 

Chitaldroog 

73 

4 20 

' 72 

4 61 i 

32 

2 23 

07 

037 

479 

24 70 

Cuddapah 

86" 

6 77 

65 

5 36 

49 

344 

13 

079 

444 

31 61 

North centre — 











Hassan 

76 

3 70 

94 

6 28 

45 

288 

1 0 

29 

66 9 

33 74 

Bangalore 

94 

735 

89 

618 

43 

242 

1 1 

068 

57 7 

3605 

Ootacamund 

14 

569 

13 8 

812 

85 

496 

37 

040 

177 

997 

5214 

Coimbatore 

35 

151 

94 

6 27 

69 

3 80 

25 

108 

43 9 

22 08 

Salem 

88 

663 

96 

6 87 

58 

3 47 

20 

0 95 

60 6 

3886 

Sottfh centre — 











Madura 

65 

4 78 

10 7 

8 04 

74 

5 04 

36 

198 

504 

3418 

Tinnevelly 

30 

185 

92 

727 

112 

816 

69 

5 07 

44 5 

30 49 

Tnchinopoly 

64 

4 94 

95 

7 09 

84 

564 

44 

259 

45 8 

33 13 

WcKt coast — 











Mangalore 

60 

11 10 

10 3 

776 

44 

227 

006 

046 

1169 1 

12914 

Calicut 

21 

8 38 

117 

1031 

61 

4 90 

16 

1 06 

1150 

118 56 

Emakulum 

1 34 

938 

14 9 

13 55 

77 

509 

20 

1 53 

1 

129 5 

11173 

Trivandrum 

! 

414 

12 2 ' 

1058 

' 95 

1 

1 660 

36 

' 243 

! 948 

6440 

Kottvam Division of 
Trai'ancore 

39 

10 19 

i 

153 

13 89 

100 

1 

! 811 

1 

29 

220 

1346 

122 87 

East coast — 











Tanjore 

71 

5 84 , 

j 

89 

6^0 

90 

740 

60 

456 

501 

3717 

Madras 

1 

74 

486 









99 

1115 

109 

13 61 

51 

5^5 

571 

49 57 

Ncllore 1 

60 

4 30 

1 

1 







Bezwada 

85 

985 

i 

89 

1178 

34 

328 

43 9 

39 30 

Waltair 

95 

604 

68 

5 20 


261 

06 

0 35 

523 

3510 

Parlakimedi 1 

87 

6 82 

79 

■ 891 

37 

402 

10 

113 

496 

3866 

24 j 

961 

75 

6 52 

25 

190 

08 

088 

687 

5003 f'l 


t 
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The Prevalence and Epidemiology of Eoohworm 


having ascaris infections, whereas 25, per cent of the coolies from Tanjore District 
at Mandapam Camp were found infected, and in two Tanjore villages Mhaskar 
found 40 per cent and 53 per cent infections This low incidence of ascaris 
in Dr Kendiick’s Tanjore District examinations strengthens our belief that 
the majoiity of these were town lesidents and people of upper classes, which we 
suggested to account for the relatively low incidence and degree of hookworm 
infections 

Examination of Table III will show that in the dnei central parts of the 
country (Mysore, Madras, Deccan, and at Ootacamiind) the incidence of trichims 
infections is relatively low as compared with the ascaris infections This is 
especially noteworthy at Bangalore and Hassan where 45 per cent and 57 per cent 
of ascaris infections were found without a single case of trichuns A similar 
condition was found at Dharwar, just north of Mysore At present rve can 
offer no explanation for this condition, but it seems to indicate clearly some 
epidemiological difference in the propagation of the two infections 

It will be clear from what has been said that, except so far as the Deccan 
and west coast areas are concerned, there is no general geographical distribution 
of ascaris and trichuns infections , in villages where drinking water is derived 
from wells protected from surface washings these infections will be found to be 
low, whereas wherever grossly polluted wells and tanks are used they will be found 
to be very prevalent 


Other NcmatodE Infections 

Guinea-worm is sporadically distributed in all the drier parts of the central 
portion of the peninsula, where step-wells are in common use as a source of 
drinking water , it appears to be especially frequent in the Madras Deccan, Mysore 
and the Central Districts south of Mysore It does not occur on the west coast, 
and so far as I can find is also absent from the east coast districts, even where 
step-wells or ground tanks are in use This absence of guinea-worm from the 
eastern side of India is a very strikmg phenomenon, undoubtedly correlated with 
the distribution of suitable intermediate ho'sts Filariasis is extremely common on 
the west coast, but as we have not inclilded it in the scope of our investigations 
we are not in a position to discuss it 

As elsewhere in India tnchostrongylus infections are widely distributed 
We found m all 7 cases in 1,567 examinations This gives an incidence of about 
0 5 per cent, as compared with about 1 per cent m the more northern parts of the 
country 

Of particular interest was the finding m 6 stool samples of Rhabditis-like 
eggs identical with those found m a single case at Dharwar and discussed m 
Part X Three cases were found in 100 examinations at Anantapur, two in 
100 cases at Salem, and one among 79 beacli fishermen at Trivandrum Wc 
have nothing to add to what we said in Part X concerning the significance of 
these findings Occasionally Oxvuris eggs were found, and a number of scattered 
cases with Heterodera eggs 
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mud, or bnckwalls about 4 feet Jn height, which are constructed for the express 
use of the females for defalcation These enclosures vary m size from about 
30 feet square up to 50 feet square These latrines, as they are called, have no 
standing places prowded, they are in fact nothing but definitely circumscribed 
defcccation grounds No arrangement could possibly be devised which would be 
more favourable for the development of soil infestation 

It IS a very fortunate circumstance that in villages on the west coast, where 
climatic conditions are more favourable for the propagation of hookworm infec- 
tions than in any other part of India except Assam and parts of Burma, the 
villages are very scattered m nature The houses are built far apart fiom each 
otlier, usually with intervals of 50 yards or more between them, and often 
several hundreds of yards, the result being that the members of one household 
seldom mingle on a common defascation area -with members of another household 
As already remarked this results in a very uneven distribution of infection, 
neighbours living under identical environmental conditions may have hookworm 
infection" varying from less than 10 worms up to over 1,000 woims Such an 
irregular distribution of worms is not found in villages of the type of those 
found in other parts of South India or in North-western India Furthermore, it is 
very common for the better class people in this region of heavy rainfall to 
provide themselves with latrine^ These are of similar type to those found in 
parts of the delta region of Burma , they are simple roofed structures built at the 
edge of a ditch or stream or occasionally over a pit, into which the stools fall 
Pits, however, are not common since they fill up with water in the rainy season 
and overflow In beach villages, of which we studied two on the west coast, 
inhabited mainly by fishermen, the open sandy beach is extensively used for 
defascation by. the men and children and even to some extent liy the women 
Often the stools are deposited near the water where they are washed away when 
the tide nses Even if deposited behind the uisual high-tide line, very little 
larval development can occur Even in the rainy season the pure sand, exposed to 
the unobstructed rays of the sun, very quickly becomes dry between showers, 
migration into the sand when exposed to dryness and the heat of the sun, and 
migration back to the surface during rams or at night, must quickly use up the 
reserve vitality of the larvae, thus shortening their lives Furthermore, even with 
a fair amount of development, the acquisition of infection would be very limited 
In most places the beach is broad, and the area used very extensive, so that the 
probability of standing on a previously used spot in which infective larvae were 


present must be very small If the surface dries to a depth of half an inch to an 
inch, which it does within a few hours after a rain, the larvae would either 


retire to the moist layers or be desiccated and then standing on sucli a spot would 
be quite harmless These beach villages are usually built on sandy soil, and 
often the defecation sites even on the side of the village away from the beach 
used mainly by the women, are pure or nearly pure sand, far less favourable 
tor the development of hookworm larvae than ordinary soil It is not surprising 
therefore, that the amount of infection m these beach villages is markedly lower 

IsteJed 
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Reduction of ascans infections can only come by improvement in the water 
supplies Where wells exist they can easily be made proof against gross pollu- 
tion, and where dnnking water is obtained from streams or ground tanks, efforts 
to prevent soil pollution near them, in places whence the eggs will inevitably be 
washed into them, will eventually bring results Education with respect to the 
danger of allowing food to be contaminated by rats is indicated as a prevention 
of Hymenolepis nma infections 


Summary and Conclusions 

Hoolcworm infection is very prevalent m all parts of South India except in 
the Deccan Divisions of Madras and Mysore In the north central part of the 
lower peninsula (Coimbatore District, the western half of Salem Distnct, and 
the southern half of Mysore) the infections are extremely light In the other 
parts of the centre of the country and along the coastal strip from the middle 
of Nellore District northward the infections are moderately light Moderately 
heaA^ infections occur along the foot of the Eastern Ghats m Vizagapatam and 
Ganjam Districts, along the coastal areas from the middle of Nellore District to 
Palk Strait, and on the crest of the Western Ghats Heavy infections occur on 
the- west coast, especially from Calicut south, except in beach villages Con- 
sidering the number of people living m the moderately or heavily infected areas 
there is probably more injurious hookworm infection in South India than in all 
other parts of India combined 

In all parts of South India except some parts of the Deccan soil conditions 
are favourable for hookworm development Except on the west coast the nature 
of the villages and the habits of the people are such as to permit the maximum 
of hookworm infection which the climatic conditions will allow to develop On 
the west coast the scattered nature of the village houses results in separate defseca- 
tion areas for -each household , this has some protective effect 

The amount and distribution of the rainfall is the dominant factor in deter- 
mining the degree of hookworm infections The longer the period when the 
ground is kept permanently moist the greater the amount of hookworm unde- 
ahy given set of other conditions The monthly rainfall necessary to bnng this 
about depends on a number of conditions among which are the nature of the soil, 
the drainage, the temperature, the humidity, and the number of rainy days over 
which the total monthly rainfall is distributed From 5 to 7 inches in a month 
appears to be the usual critical point If distributed over less than one-third o 
the days in -the month even 6 inches may not be sufficient, unless the soi , 
drainage and humidity are particularly favourable 

Ascans infections can definitely be correlated with gross pollution of drink 
ing water In the Deccan, where good wells are prevalent, these infections are 
very low, whereas on the west coast, with a very heavy rainfall and little protec 
tion of the drinking water from surface washings, ascans and tnchuns infections 
are very’^ prevalent In most other parts of South India the incidence of 
infection varies from about 40 to 70 per cent Tnchuns infections are a ou 
as common as ascans on the west and east coasts, but less in the central areas, an 
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any month of the year, usually September has the largest amount, but even m 
that month the average fall is only 5 to 6 inches distributed over 7 to 8 rainv 
days In the southern part of the interior of the peninsula both the south-west and 
north-east monsoons deliver moderately light rainfalls so that there are likely to 
be alternate periods of moisture and dryness of the ground throughout six months 

of the year 

The northern part of the west coast. South Kanara District, receives a very 
heavy rainfall from tlie south-west monsoon during June, July, August and 
September Further south (Malabar, Cochin and Travancore) there are heavy 
falls from this monsoon in May, June and July, and from the north-east monsoon 
in September, October and November Although August has little ram, there is 
sufficient moisture in the ground to keep it from drying between the two monsoons 
In consequence the season of moist ground extends from May to January, a 
longer tame than in any other part of India 

The degree of hookworm infection does not correspond so closely to tlie 
total annual rainfall as it does to the number of months in the year when the 
ground remains moist For instance, Mangalore witli about 5^ favourable months 
and 129 inches of ram, has notably less hookworm than Cahcut or parts of 
Travancore with 7 to 8 favourable months but a smaller total rainfall As shown 
by Chmgleput and Parlakimedi even 45 to 50 inches is quite sufficient to allow 
a heavy hookworm infection to develop so long as the distribution is favourable 
When the annual rainfall goes below 40 only moderate degrees of infection occur 
and below 30 the infection is always very light .When this ram is so distri- 
buted that at no time is the soil likely to remain continuously moist for more 
than a week or two, e g , at Anantapur, hookworm infections are practicahy 
entirely absent, whereas where there are occasional wet periods of two or three 
weeks several times dunng the year, a large number of light infections may be 
present, even though the total average rainfall is less than 25, e g , at Coimbatore 
The amount of rainfall per month which is necessary to allow hookworm 
- infections to develop differs considerably under different conditions Where the 
soil IS porous, the atmosphere dry, and the drainage good, e g” m hilly country, 
it reqmres at least 6 or 7 inches of ram m a month If m addition the elevation 
IS sufficient to make the temperature low enough to retard development it appears 
to require at least 9 inches At Ootacamund, for instance, there are 7 montlis 
with an average of 5 inches or more and one with over 8 inches, and the total 
annual fall is 52 inches, yet hookivorm is practically absent m spite of very 
favourable habits for its propagation Here the temperature is below the optimum, 
the atmosphere is relatively dry, the soil is porous and the drainage very complete 
In contrast Chmgleput has an annual rainfall of 46^ inches with 10 and 12;^ inches 
in October and November, respectively, and about 5 inches in August, September 
and December, the temperature is near the optimum, the humidity is high, and 
ffie soil IS less porous and not well drained The incidence- of infection here was 
96 per cent and the index of infection 248 Hassan in' Mysore has only 

t inches a year, it has less than 7 in every month of the year Yet here we 
found 100 per cent infection and the index of infection 157 At Coimbatore 
wi only a single month mth ovei 5 inches -(6|: an October) the incidence was 
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being used to some extent It is also very likely that water was taken by the 
lower class people from a polluted ground tank At the Salem village, with 
58 per cent ascaris infections, there was a recently discarded well which must 
have been a prolific source of ascaris infections among the low class people who 
used it - 'The substitution of a new well so situated as to be practically free from 
gross pollution will probably lead to a marked reduction in infection among these 
people Polluted tank water was also used to some extent by the people of this 
village At Plassan, with 57 per cent ascaris infections (but no trichuris), a 
large ground tank and also a well subject to pollution were used, at Ootacamund 
with 90 6 per cent ascaris a step-well subject to very gross pollution was used , 
at the village near Madras, with 78 per cent ascaris infection, both wells and 
ground tanks were used, and both were subject to a certain amount of pollution, 
especially the tank, at villages near Nellore, Waltair and Parlakimedi, with 48 to 
57 per cent ascaris infections, jiolluted step-wells or ground tanks were used , 
everywhere on the west coast water is commonly derived either from private 
wells or tanks, or merely from flooded fields, streams or ditches Most of the 
houses are provided with their own wells inside the compound, but these wells 
for the most part are mere holes in the ground lined with brick or stone, and 
subject to gross pollution from surface washings during the torrential rams, 
comparatively few of them have raised edges This is very much the same 
condition as exists in many parts of lower Burma, where there are likewise 
very prevalent and heavy ascans infections On the Wynaad tea estates the coolies 
are heavily infected with ascaris and tnchuris, just as is the case on every other 
tea estate which we have examined m India, regardless of the source, or sup- 
posed source, of the dnnbng water On the Jessie estate there is a well with 
parapet walls, and no tanks oi ditches, on the Arapattu estate pipe water is 
supplied from a distant reservoir, and on the Chundale estate there is a well 
which IS not provided with a parapet wall Strangely enough the Chundale 
estate has the lowest inadence of both ascans and tnchuris infections (61 4 and 
57 4, respectively) , the Jessie estate has 73 2 per cent of ascaris and 93 per cent 
of tnchuris, and the Arapattu estate with its piped water has 75 per cent of 
ascans and 68 per cent of_ tnchuris We found similar conditions in Darjeeling, 
Dooars and Assam estates where the water seemed to be beyond suspiaon of 
gross pollution Either tlie coolies on tea estates habitually use water from some 
other polluted source, or else there is some special condition on tea gardens 
which leads to infection with these parasites It is a question which seems 
worthy of careful investigation 

It will be observed that Dr Kendrick records considerably lower inadences 
of ascaris infections for corresponding localities than we do It is probable that 
this is due m part to the fact that most of the stools were examined only by 
egg count and not by direct centnfugal flotation We often find ascans eggs by 
the latter method when we miss tliem by the former Furthermore, since the 
main interest m Dr Kendrick’s work centered in hookworm infections it is 
possible that some of his microscopists may have failed to record all the eggs 
of other worms which were seen -It is espeaally noteworthy that of the 
4,520 examinations made in Tanjore District, only 6 per cent are recorded as 
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The patients were not m any way selected but as each sample of the preparation 
was received, a definite number of consecutively admitted patients were placed 
under treatment The first few patients were treated in the early part of 1924, 
another batch in 1925 and the remainder in the first half of last year, 1926 
Many of the patients appeared to be extremely ill but none of tliem were actually 
monbund when the first injections were given The patients were either pre- 
viously untreated or had received a definite course of treatment and had subse- 
quently relapsed, the latter class are referred to as ‘ resistant cases ’ 

The Diagnosis — In every case the diagnosis was made by the demonstration 
of the presence of the parasite by examination of the peripheral blood, by spleen 
or liver puncture, or by cultural methods 

Proof of Cure — As the writer has pointed out before there is no absolute 
proof of cure in this disease A clear history that the patient has remained in 
perfect health for six months after discharge is in the opinion of the writer the 
only reliable proof of cure and this has been accepted as the final criterion in this 
series * In every instance, however, a spleen or liver puncture with culture was 
done before the patient was discharged from the hospital and, as the time factor 
appears to be an important one, an interval of at least 10 days was allowed to 
elapse after the last injection before the puncture was carried out in all but the 
first few cases of this series 

In one case the culture showed the presence of leishmama at the time of 
discharge This patient has been seen recently, he has shown no further symp- 
toms and is apparently in perfect health 

In a few instances the culture became contaminated 

Dosage — A comparatively uniform system of dosage was adopted through- 
out this senes In the case of adults an initial dose of 0 1 gramme was followed 
by a second dose of 0 2 gramme and subsequent doses of 0 3 gramme Children 
were given proportionately smaller doses but in no instance was less than 
0 05 gramme given as an initial or 0 1 gramme as a maximum dose In a few 
instances the dosage had to be modified on account of vomiting 

The majority of the patients received a course of 10 or 11 injections but 
resistant patients and those who could not tolerate the full dose were given a 
few more injections As no relapses were occurring amongst the patients who 
had been given 10 injections, towards the end of the series 8 injections wen 
adopted as the routine treatment for all previously untreated patients who could 
tolerate the full individual dose 


*Notc — A solicited criticism of the writer’s paper on Stibosan (No I of this series) 
was that 6 months was insufficient time to allow before concluding that the 
patient was completely cured This is a point worth accurate investigation, 
but the writer cannot remember a case of relapse in which the patient did not 
show very definite signs of relapse within three months Instances have been 
observed in which the patient carried on for periods up to a year without 
returning for treatment, but in these instances the patients always ^ 
history, or showed signs, of having been definitely ill for some considera c 
time 
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Tapswori^is and Flukes 

Hywenolepis nana appears to have a rather irregular distribution, it is 
commonest in the dry Deccan and north central parts of South India, irregularly 
present in a small percentage of individuals on the east coast, and very rare on 
the west coast In the entire 1 567 examinations, 39 cases were found, but 
31 of these occurred in 595 examinations in the Deccan and north central areas 
The highest incidence was at Salem, where 14 per cent of 100 people examined 
harboured this parasite, this village, as we have already remarked, was the 
filthiest of any m which we wmrked, and was certainly an excellent place for 
rats to abound The dirtiness of the habits m other ways would suggest the 
probability of carelessness in habits with respect to keeping food uncontaminated 
by rats The next highest incidence (6 7 per cent) was at Ootacamund which 
also was a particularly filthy village, affording every opportunity for rats to 
contaminate food in the squalid and unlighted den-hke houses In the scattered 
houses of the west coast much less opportunity for harbouring rats is given, and 
the saturation of the ground outside the houses during the long season of heavy 
rainfall is also unfavourable for these rodents 

Hymenolepis dmmtfa infections were found m 3 cases, two at Anantapur 
and one at Bangalore Only a single taenia infection was encountered, this was 
at Salem It appears probable from this that most of the tapewmrm cases 
recorded by Dr Kendrick are Hymenolepis iiaiici (3ne infection with diphyllobo- 
thrium was found , this also was at Salem 

Three scattered cases of fasciolopsis infection were found, one at Bangalore, 
one at Ernakulum and one at Trivandrum No other fluke infections were 
observed 


Suggestion eqr Reducing Ineections 

There is little to say under this heading which has not already been said in 
the sections on other parts of India In the central parts of the country a»d in 
the Deccan Division the infection is light enough, so that no special measures are 
warranted On the west and east coast, however, there is no question but that 
hookivorm is distinctly injurious On the west coast some protection is obtained 
by the fact that the village houses are scattered and have separate defsecation 
areas, no further reduction seems possible without the development of the habit 
of using latrines or at least standing places so that the feet will not come m 
contact w'lth infested soil, and this, unfortunately, will probably come very 'slowly 
On the east coast the conditions and habits are more favourable for hookyt^orm 
propagation but the climate less so Here also the development of the use of 
latrines and standing places seems to be the only possible solution, and the 
greater compactness of the villages makes this even more difficult to accomplish 
than under the conditions existing on the west coast The only hope is a 
continuous hammering away at the problem, conditions have already been greatly 
improved in the cities and towns, and eventually this improvement will spread to 

the milages if efforts to accomplish it are not relaxed on account of temporary 
failure ^ 
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The Pentavalent Gompoimds of Anfimony 

Of the 10 resistant cases in one instance the temperature remained above 
normal and in two others tliere was no fever throughout the course of treatment 
of the remaining 7 the mean number of injections pnor to the cessation of fever 
was 5 7 

Splemc Enlargement — On admission the average measurement of the spleen 
of the 58 patients who were eventually discharged as cured was 4 indies below 
the costal margin , at the time of discharge the measurements were as follows ~ 

Not palpable 

Just palpable 

Palpable 2" below the costal margin 
Pi" 

>1 )) )) yj 

» ^ tf n tt 

}> ,, ,, „ 

4" 

II “ II 11 II 

Size not noted 


21 

28 

3 

1 

1 

1 

1 

2 

58 


Weight — In one case the weight on discharge was not noted , of the other 
57, five lost weight and 52 gamed weight or were the same weight at the time of 
discharge as they were before treatment commenced Of the former group the 
average loss was 4^ lbs — one patibnt losing 10 lbs — and of the latter the average 
gain was 7 79 lbs , the mean of the whole series was a gam of 6 72 lbs 

The Eencocyte Count on Discharge — In five instances the count was not 
recorded, in the remaining 53 it was in every instance over 6,000 per emm and 
the mean of the senes was 7 545 

Dosage in Cases in which a Complete Cure was Effected — Of the 50 patients 
who were completely cured 9 had previously received treatment and had relapsed, 
that IS to say were resistant cases, and 41 were being treated for the first time 
Number of Injections — The details of the numbers of injections given m 
the individual cases are shown below — 


Number of injections 


Number of ordinary cases 
in which given 
7 


Number of resistant cases 
in which given 


10 

19 

3 

11 

7 


12 

4 


13 

3 

3 

14 

1 


15 


2 

20 


1 



— 


41 

9 

The mean of the whole 

senes is 10 85 

The mean number of injections 

given in the 41 ordinary cases 

was 10 34 and m the resistant cases 13 ll 



Asa C. Chandler. 


179 


practically absent m some areas (eg , Bangalore and Hassan) even though there 
are numerous ascaris infections 

Hynienolepts nana occuned to the extent of 2 5 per cent of all the people 
examined They were especially prevalent in the drier areas (Deccan and north 
centre) and practically absent on the west coast 

Of other infections 6 cases with Rhabditis-like eggs in the stools were found , 
tnchostrongj'lus occurred in 0 5 per cent, H dwnmita m 2 cases, taenia in 1 case, 
diphyllobothnum in 1 case, and fasaolopsis in 3 cases 

Only unrelaxed efforts to develop the use of latrines or standing places in 
villages can be suggested as a means towards reducing hookworm infections 
This will probably be more easily accomplished in the scattered villages of the 
west coast than in the more compact ones m other parts of the country Efforts 
to prevent gross pollution of drinking water are necessary to control ascaris in- 
fections Education with respect to the dangers of leaving food exposed to rats 
IS indicated as a prevention of hjmenolepis infections 
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The Pentavalent Compounds of Antimony, 

1 m 8 patients would relapse after this course of treatment, that is to say, the 
cure rate for a course of 8 injections is probably not less than 87 5 per cent 
Or, to carry it further, one might say that as 26 patients received 10 injections 
or less the relapse rate with this course is unlikely to be more than 1 in 27 patients 
or that the cure rate is probably not less than 96 3 per cent 

On the same principle we might say that m a mixed population of prc 
viously untreated patients total doses of 2 grammes and 3 grammes would pro 
duce cure rates of not less than 93 75 and 97 37 per cent, respectively, and 
that total doses of 3 grammes and 4 grammes per 100 lbs body weight of patient 
would produce cure rates of not less than 93 33 and 97 22 per cent, respectively 
Complications and Sequclce — The only complications that has been noted in 
this series is vomiting The frequency of the occurrence of this symptom seems 
to vary somewhat m the different batches of the preparation that have been 
used In a few patients vomiting occurs after tlie initial dose but in most 
instances it does not occur until tlie bigger individual doses are given It is an 
indication to increase tlie size of the dose cautiously, if this is done tolerance 
can often be established In only very few instances did this complication 
prevent the maximum adult dose of 0 3 gramme being administered 

Post-treatment jaundice, such a common sequel to treatment by many of 
the otlier pentavalent compounds of antimony, has not occurred as far as it is 
possible to ascertain in any case in this series 

Conclusions 

No 693 (Von Heyden) is a compound of very considerable value in the 
treatment of kala-azar It is a compound of low relative toxiaty in mice and 
it IS well tolerated by man in comparatively large doses 

In the first 61 unselected cases m whicli this compound has been used 
there have been no deaths and, excluding the two totally resistant cases, no 
relapse 

With tlie exception of vomiting there are no disagreeable symptoms asso- 
ciated with tlie administration of this compound and no sequelse 

A course of 10 injections, totalling 2 7 grammes of the compound, should 
pnoduce a cure rate of at least 93 33 per cent amongst average adult Indian 
patients and there is every indication that a course of 8 injections will produce a 
very high cure rate 

In a mixed population an expenditure of 2 grammes per patient' should pro- 
duce at least a 93 75 per cent cure rate amongst the patients 

My thanks are due to Prof Hans Schmidt of Dresden, to Messrs von 
Heyden, the manufacturers, and to the Havero Trading Co , 15, Clive Street, 
Calcutta, the agents for India, for a generous supply of tins compound 


Uhlenhuth, P . Kuhn, P 
and Schmidt, Hans (1925) 
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The Preparation — ^This compound is an amine salt of para-atTuno-phenyl 
stibnnc -acid It is in the form of a light brown powder and contains about 
40 per cent metallic antimony (Uhlenhuth, Kuhn and Schmidt, 1925) It is 
supplied by the manufacturers in sealed ampoules and in this condition it under- 
goes no change when kept at room temperature in Calcutta throughout the year 
If the ampoule is opened the preparation becomes insoluble within a day or two 
It is easily soluble in distilled water and m sterile distilled water it makes a 
sterile solution No change appears to occur in the solution if it is kept for an 
hour or so before administration, but in about 48 hours a white precipitate will 
have separated 

Relative Toxicity — The toxicity of this compound is very low, the minimum 
lethal dose is more than ten times as great as that of sodium antimony tartrate 
The toxiaty was tested on white mice, English variety, of an average weight of 
about 15 grammes the injections were given intravenously into the tail vein 
The results of the expenments were as follows — 


Dose m grammes 

Number of 

Number 

per kilogramme 
body weight of 

mice 

surviving 

mouse 



150 

10 

10 

200 

10 

9 

250 

10 

9 

300 

10 

7 


The Patients— The patitets were all ‘ in-patients ’ in the Carmichael Hos- 
pital for Tropical Diseases; two were Europeans, 7 Anglo-Indians and 52 Indians 
J, m. ( 181 ) 23 
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same salt was used And the senior wnter (Napier, 1924) reported 20 deaths 
amongst 139 cases in which eitlier sodium or potassium antimony tartrate was 
used Thus the death rates alone in these three series were 26 per cent, 12 per 
cent and 14 4 per cent, respectively The fact that all these patients did not 
remain to complete their treatment and that certain of them relapsed and even- 
tually died has also to be taken into consideration All these were hospital 
patients and were therefore being treated under much better conditions than 
the majority of the patients who undergo treatment, but on the other hand tliey 
were not a fair sample of the infected population as debilitated patients are 
more likely to seek admission to hospital Taking all these facts into con- 
sideration it seems safe to assume that the eventual recovery rate in cases in 
which the antimony tartrates are used is not more than 85 per cent and may 
be as low as 70 per cent 

In Calcutta we find that the hospital patient suffering from kala-azar usually 
remains in hospital until he is discharged as cured The dispensary patient, or 
out-patient, seldom complete'? his full course of treatment Their reasons for 
discontinuing treatment are numerous, some patients are so ill that after having 
dragged themselves to the dispensary three or four times they give up the 
struggle, some attend 6 or 7 times without much benefit, become discouraged 
and do not attend any more, some attend 12 to 15 times, feeling so much better 
they decide that they are cured and do not attend any more, and others though 
willing to attend cannot afford the fare to Calcutta This habit of discontinu- 
ing treatment before the course has been completed is a very common practice 
even amongst patients undergoing treatment at local dispensaries but is much 
more so in the Calcutta dispensaries where the majority of the patients come 
from long distances 

As the majority of the quarter of a nuUion odd persons treated for kala- 
azar in Bengal and Assam during the year 1925 were dispensary patients it 
seems important that we should have some indication, firstly, what the general 
recovery rate is amongst all such patients, secondly, what the recovery rate is in 
‘ stopped treatment ’ cases, i e , of patients who receive what we consider a 
totally inadequate course of treatment, and thirdly, as tliere is no indication at 
any time dunng the course of treatment as to whether a patient is cured, or not, 
and as tliere must be some limit to the amount of antimony any one patient is 
given, what percentage cure rate may be expected after vanous definite courses 
of treatment, so that administrative officers may advise those working under 
them as to the course of treatment that should be administered in kala-aza’" 
dispensaries 

Investigations on these points might be carried out on a large scale amongst 
patients who attend the many kala-azar dispensaries in Assam and Bengal, but 
to do this special records would have to be kept and special enquiries made 
The eventual fate of the ‘ stopped treatment ’ patient is not usually investigate 
The officer who is zealous for tlie success of his dispensary is liable to pm too 
much faitli m tlie saying, ‘ no news is good news,’ and to assume that because 
he has not heard of the death of his patients they have not died, he is abo 
liable to assume too readily that death was due to ' other causes ’ 
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The Results of Treatment — The immediate results of treatment m the 
61 cases were as follows — 

Discharged cured 

Failed to respond to treatment 2 

Failed to complete course ^ 

, 61 

r — 

The Padmes—The first was a European male aged 24 years, he had had 
symptoms of kala-azar for about 15 months but as he had not been in an endemic 
area for 2 years prior to this date it seems probable that he had been infected 
for about 3^ years He was given a course of potassium antimony tartrate 
injections when the diagnosis was first made, he then received 39 urea-stibamine 
injections but his condition did not improve When he was admitted to our 
hospital his general condition was fair but he was not fit to carry on his work, 
he had a huge spleen reaching 3 inches below the umbilicus and he was getting 
a daily rise of temperatures to a little over 100°F He was given 23 injections 
of No 693 dunng a period of 55 days, the total amount of the compound given 
was 5 1 gramrnes which corresponded to a dose of 3 6 grammes per 100 lbs of 
body weight He did not appear to improve at all except that tlie temperatuie 
did not nse so high and his spleen decreased by about 1 inch Parasites were still 
present in large numbers in his spleen at the time he was allowed to leave the 
hospital He then went to a hill station and received further antimony treatment , 
he eventually died of pneumonia about 18 months later 

The other patient was an Indian boy aged about 12, he had previously 
received 60 injections of sodium antimony tartrate and several of urea stibamme 
He was given 15 injections of No 693 over a period of 32 days, this amounted 
to a total dose of 2 75 grammes, or 4 6 grammes per 100 lbs body weight He 
Ws removed from hospital still suffering from fever and with parasites still 
present m his spleen He received further treatment outside, was eventuallv 
re-admitted and given another course of antimony treatment without showing anv 
improvement, was again allowed to go out of hospital and has subsequently died 
Patients Discharged as Cured — Of the 58 patients discharged as cured I have 
been able to get into touch with 50 , all of these have remained in perfect health 
for 6 months and have received no further treatment About the other 8 patients 
no information is available , in no case is a relapse known to have occurred 

The Progress dunng Treatment and the Clinical Indications of Cure 

Number of Days under Treatment — The mean of the number of days under 
treatment of the 58 patients discharged as cured was 24, of the 48 previously 
untreated cases the mean was 23 and of the 10 resistant cases it was 29 

Cessation of Pever — Of the 58 patients discharged as cured 3 were afebrile 
and one febrile throughout the course of treatment, of the remaining 54 the me-m 
number of injections prior to the fall of temperature to normal was 4 57 

Of the 48 previously untreated patients one was afebrile throughout and of 
. le rest the mean number of injections pnor to the fall of temperature was 4 40 
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kala-azar When an ambiguous reply was received a second postcard was sent but 
oUierwise only one postcard was sent to each patient 

Anai^ysis 0? RpSUI,TS 

The information which we obtained was as follows — 

Patients in a good state of health having received no further 
injections for kala-azar 

Patients who had had fever and subsequently received a 
further course of injections 
Patients who had died 


101 or 58 per cent 

36 or 20 7 „ 

37 or 21 3 


174 

The result of the analysis of these according to tlie number of injections that 
they had received is given below (Table I) 

TablU I 

Number of Injections 


Number of 
injections 
received 

Number of 
patients 

Number 

cured 

Number 

died 

Number 

relapsed 

Percentage cure 
rate 

3— 5 

23 

4 

10 

9 

174 

1 

6—10 

26 

8 

9 

9 

308 

11—15 

19 

11 

3 

5 

579 

16—20 

15 

11 

3 

1 

73 3 

21—25 

19 

14 

* 3 

f 

2 

73 7 

20—30 

22 

14 

i 

3 

. 5 

63 6 

31—35 

17 

13 

3 

1 

76 5 

36-40 

18 

13 

1 

4 

72 2 

41 or more 

15 

13 

2 

0 

867 

Totals 

174 

101 

37 

36 



The 15 cases of the last group should have been spread over three groups 
but this would have necessitated basing percentages on absurdly small figures, 
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The Actual Total Dose — The patients can be divided into groups according 
to the actual total dose received, as follows — 

Ordinary cases ReSistant cases 

Less than 1 gramme ^ 

1 to 1 49- gramme ^ 

IS to 199 gramme ^ ^ 

2 to 2 49 grammes _ 

25 to 299 grammes ^ ^ 

3 grammes or over ^ 

Tl 9 

The mean of the total dose given to the 50 patients is 2 19 grammes, to the 
39 previously untreated patients 2 06 grammes and to the 9 resistant patients 

2 75 grammes 

Thfi Relative Dose — As m the previous series the doses have been calculated 
according to the weight of the patient , the ‘ relative ’ dose in this senes is the 
dose per 100 lbs body weight of patient The patients can be grouped according 


to the relative total dose administered, as follows 

— 


Group 

Ordinary cases Resistant cases 

2 to 249 grammes 


4 

2 

25 to 2 99 grammes 


10 

1 

3 to 3 49 grammes 


15 

1 

3 5 to 3 99 grammes 


6 

1 

4 grammes or over 


6 

4 


Toxai, 

41 

9 

The mean of the relative total dose given to the 50 patients 

is 3 35, to the 

previously untreated patients 3 31 

grammes and -to the resistant patients 3 50 

grammes 




Dosage vi Relation to Age — The means of the actual and relative total doses 

m relation to the age of the patient are shown below — 



Number of 

Mean actual 

Mean relative 

Age group 

patients 

dose grammes 

dose grammes 

Under 10 years 

13 

124 

3 81 

10 but under 20 

15 

2 22 

3 64 

20 or over 

22 

2 75 

2 96 


The younger patients were naturally given a smaller actual total dose but 
there was a tendency to give them a larger relative total dose than was given to 
the adults 

The Cure Rate As all the previously untreated patients in this series were 
cured it is not possible to prepare a cure rate curve From a practical point of 
view one of the most important points to be considered is the number of injec- 
tions necessary to produce a cure Seven of the previously untreated patients 
were given 8 injections only It would not be safe to assume that this numbei 
of injections would cure every patient, as the next patient given 8 injections 
might relapse But it would be fairly safe to say that probably not more than 
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Table III gives the percentage cure rates when the cases are grouped accord- 
ing to the relative total dose 


Table III 

\ 

Relative Total Dose 


Relative total 
dose 

Number of 
patients 

Number 

cured 

Number 

died 

Number 

relapsed 

Percentage cure 
rate 

01 —05 

39 

8 

16 

IS 

20 5 

0 51—1 0 

26 

12 

7 

7 

462 

1 01—1 5 

IS 


2 

3 

66 7 

1 51—2 0 

20 

IS 

1 

1 

4 

75 0 

2 01—2 5 

22 

14 

5 

3 

63 6 

2 51—3 0 

IS 

10 

3 

2 

667 

3 01—3 5 

20 

17 

1 

2 

85 0 

3 51 or more 

17 

15 

2 


882 

ToTai,s 

174 

101 

37 

36 



The recovery rate and dosage during different age periods — The cases have 
been divided into three age groups and the cure rates calculated for each These 
are given below (Table IV) 


Table IV 


Age period 

Number 

of 

patients 

Cured 

Died 

RerAPsea 





Number 

Per cent 

10 years and under 

51 

30 

58 8 

11 

215 

10 

197 

Over 10 but not over 20 

61 

39 

63 9 

■ 

11 5 

15 

246 

Over 20 years 

62 

32 

516 

B 

30 7 

11 

177 

Totai^s 

174 

1 

101 


37. 


36 
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Th:^ statement is repeatedly made that the introduction of antimony treat- 
ment in kala-azar has turned a 95 per cent mortality into a 95 per cent cure rate 
This figure is too high in each application We cannot estim^-te the spontaneous 
recovery rate in kala-azar as we have no idea what percentage of the population 
suffer from a mild clinically unrecognisable form of the disease The senior 
writer has had personal experience of 3 patients who had a transitory infection, 
demonstrated by blood culture, none of these patients had any form of speafic 
treatment, they have been under direct observation from one to four years, they 
have shown no further symptoms of the disease and subsequent blood cultures 
have been sterile If larger numbers of the cases of fever of short duration 
were investigated in tins way it seems very probable that a large number of 
cases of transient leishmaniasis in man would be^ demonstrated Even amongst 
the cases m which the disease is well-established the natural cure rate is probably 
not less than 10 per cent 

Again, we have little accurate information about the recovery rate amongst 
treated cases Most writers have an unfortunate way of neglecting to report 
deaths and failures Even the writers of public health reports are somewhat 
vague about the deaths that occur during treatment Certain figures, however, 
are available Knowles (1920) reports 22 deaths amongst 86 cases in which 
potassium antimony tartrate was used, this figure included 6 deaths from 
influenza Muir (1919) reported 18 deaths amongst 150 cases m which the 

( 187 1 



The Cui e Hate m Kala-ascir. 

those referring to the higher doses— were based on too small a number of obser- 
vations 

As we explained above, the tendency is for the out-patient to discontinue 
treatment early whereas the hospital patient will usually remain until discharged 
We therefore, turned to the hospital records to supplement our figures for 
patients receiving longer courses of treatment The senior writer had already 
jjubhshed an analysis of results of treatment of all patients discharged from the 
Carmichael Hospital dunng 1922, in order to prepare curves we took the figures 


Cure rate 



from this senes and after excluding all ‘ resistant ’ cases, i e , of patients who had 
previously received a full course of treatment before coming to hospital and 
had relapsed, and cases m which the patient had been admitted im extremis, as 
these would not normally be treated as out-patients, we added the remainder to 
the out-patient figures already tabulated above The rule in hospital had been 
that every patient received 30 injections first of all, after which each case wa'' 
considered on its merits , if the patient had shown signs of being ' resistant ’ by 
the temperature remaining high for a longer time than usual further treatment 
was given Thus the ‘ resistant ’ cases received more treatment that the normal 
case and consequently the relapsing cases were more likely to be found among'^t 
those receiving the largest doses This would cause a misleading fall m the cure 
rate curve In order to avoid this effect and in order that each point in the graph 
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We have attempted to investigate these points amongst patients that' ceased 
to attend or were discharged cured from the Kala-azar Out-patient Department 
of the Calcutta Scliool of Tropical Medicine during 1924 The routine treat- 
ment consisted of injections of a 2 per cent solution of sodium antimony tartrate 
twice weekly, the dose being increased gradually from 1 c c to 5 c c , or to the 
limit of the patient’s tolerance if this Avere less than 5 c c 

For each patient who is placed under treatment a card is provided This 
card is kept by us, on it the patient’s name and address is entered and detail-^ 
of treatment are recorded at each attendance During the year well over a 
thousand patients attended for diagnosis hut many of these did not remain for 
treatment Those patients that had previously received treatment and had 
relapsed, in the case of ivhom there was any doubt about the diagnosis, or 
those that had received less than three injections were not included m this 
investigation At the beginning of 1926 a reply postcard was sent to eacii 
patient asking for information on certain points ivith reference to their present 
condition, as to whether they had received further treatment elsewhere and 
how many injections they received when attending this institution We had of 
course got information on this last point but it was introduced by way of 
checking the accuracy of the replies and of our records 

The majority of the patients are either illiterate or very poorly educated 
cultivators, we could not, therefore, expect to receive a very large percentage of 
replies About 700 cards were dispatched, 174 satisfactory replies were received, 
about the same number of cards were returned undelivered by the post office, 
and the remainder were not returned Doubtless many of these were lost but 
probably many of them were received and retained by the patients, either because 
they were unable to read or write and were not prepared to pay for this to be 
done for them, or because they were suspicious of the motive and thought that 
silence was the safer course 

' The accuracy of the infonnation received — There seems to be every reason 
to trust the information received as there could be no possible motive in giving 
inaccurate information The question with regard to the number of injection^ 
was usually answered satisfactorily, and as we had an opportunity of seeing 
quite a number of the patients we were able to confirm their written statements 
Whether the patients that replied were a fair sample is, of course, another 
matter, but there does not seem to be any reason to suppose tliat they were not 
No cards were sent out until at least one year after the patient had attended 
last, so that a patient who replied that he was well and had received no furthei 
treatment could almost certainly be considered to have been cured On the whole 
It IS more probable that information as to the death of the patient was given 
more readily than any other information , the suspicions as to the motive of the 
inquiry, referred to above, would not be applicable with reference to a person 
wio was dead When a patient was reported as dead it was assumed that he had 
fn 1^1 ^ ^ ^^sease, and when he reported that he had received more injections 
f a-azar it was assumed that these had been necessary It is in the last 

once”^l!l^°'i. f astray as when a patient has 

a a azar le imagines tliat any fever he gets in future is due to 
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The numbers in these tables have been plotted on graph paper and Figures 1 
and 2 drawn These two iigures give a rough graphic representation of the 
cure rate that may b,e expected amongst a group of previously untreated patients 
after courses of treatment consisting of various total dosfes 

These curves show that the patient who stops treatment even at an early 
stage in the course of injections has quite a reasonable chance of remaining 
cured, that a total relative dose of 3 grammes — about 30 injections in an average 
adult — will effect an 80 per cent cure rate and that prolongation of the treatment 
beyond this point will only produce a very slight increase in the cure rate 

As there is no evidence, either here or elsewhere, that prolongation of the 
treatment — up to a reasonable limit of sav, 6 grammes — is in any way detnmental 
to the health of tlie patient, a very thorough course of treatment should be 
advocated in the case of the pnvate patient where time and expense are no object, 
but it IS obvious that in dealing with large numbers of patients where Hie labour 
involved in giving injections is a matter to be taken into consideration a primary 
course of not more than 3 grammes per 100 lbs body weight should be advocated 
and that, where this consideration is of primary importance, a short course of 
injections given to a large number of patients will produce a greater number of 
cures than a long course to a smaller number of pafients 


Knowles, R ( 1920) 
Mura, E (1918) 
Napier, L E (1924) 
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and as the interest does not centre on the actual figures m each group but on the 
recovery rate, the procedure seemed justifiable 

Table II gives the percentage cure rates when the cases are grouped according 
to the actual total dose given to each patient 


TablU II 

The actual amount given 


Total dose in 
grammes 

Number of 
patients 

Number 

cured 

Number 

died 

Number 

relapsed 

Percentage cure 
rate 

0 01—025 

36 

8 

14 

! 14 

222 

026—0 5 

21 

8 

1 

8 

5 

i 

381 

‘O 51-1 0 

35 

1 

22 

1 7 

6 

628 

1 01-1 5 

1 

24 


1 

1 

1 

1 

6 

708 

151-20 

30 

22 ' 

5 ' 

3 

73 3^ 

201—2 5 

13 

1 11 

I 

2 


84 6 

2 51 or over 

15 

i 13 

1 


2 

867 

Totals 

174 

1 101 

1 

37 

36 



Again m this table we have not adhered strictly to groups of an equal 
range The group of cases receiving less than 0 5 grammes was comparatively 
large so that it seemed possible to divide it, and all cases receiving more than 
2 5 grammes are included m one group as this group was too small to split up 

The usual rule with regard to dosage is that the dose should be in proportion 
to the weight of the patient In each instance we have, therefore, calculated the 
dose per 100 lbs body weight of patient, this will be referred to as the ‘ relative ’ 
dose As the weights of tlie out-patients are not taken as a matter of routine, 
m order to calculate the total relative dose it was necessary to estimate the 
patients' weight according to their age A large number of weights of kala-azar 
patients have been taken at various times, from tliese figures two age-weight 
curves were drawn, one for males and the other for females, and from these 
curves the weights have been estimated The average weight of an adult Indian 
male sutfenng from kala-azar is 90 lbs , the relative doses have been worked out 
as the total dose per 100 lbs body weight of patient, so that the average relative 
dose IS slightly greater than the dose received by an average adult Indian 
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The analyses of the two diets are given m Table I 

TabIvK I 


SIwzvmg the analyses of the two diets Results expressed as percentages on 

moisture-free samples 


Constituents 

‘Oatmeal Diet' 
per cent 

‘Atta Diet' 
per cent 

Mineral Matter 

720 

5246 

Ether Extractives 

13 14 

936 

Crude Protein 

1226 

1204 

Crude Fibre 

‘132 

5 09 

Carbohydrates 

66 08 

68264 

Totai, 

10000 

10000 

Albuminoids 

1177 

1141 

Insoluble mineral matter 

0 465 

139 

Soluble do do 

6 735 

3 856 

Totac 

7,20 

5 246 

Soluble Silica 

0 0456 

0147 

Phosphoric Acid (P.O^) 

182 

1 148 

Iron Oxide (FcaOa) 

0 058 

0027 

Alumina (A1 O 3 ) 

0 462 

0225 

Manganese (Mn^OO 

0 0018 

0 011 

Lime (CaO) 

138 

0 962 

Magnesia (MgO) 

132 

0 315 

Potash (KjO) 

0 264 

0191 

Sulphuric Acid (SO 3 ) 

023 

0 084 

Chlorine (Cl) 

0 49 

033 

Soda and undetermined by difference 

0659 

0416 

Totai, 

1 

6 735 

3856 


The chemical composition of tlie two diets differs in certain respects which 
may have some significance in regard to the greater calculus-producing potency 
of the ' atta diet ’ This diet contains less total mineral matter than tlie ‘ oatmeal 
diet’ but more insoluble mineral matter, less phosphorous, iron, alumina, hme, 
magnesia, potash, soda, sulphates and chlorides , less ether extractives, more crude 
fibre and more manganese 
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The most noticeable points about this table are the low death rate amongst 
the older children and young adults group and the high death rate amongst adults 
The mean actual and relative doses given to the patients in these age groups are 
given in the following table (Table V) 


Tables V 


V 

Age period 

/ 

Cuhed 

RETArsED 

Died 

Aee patients 

rt 

t5 

cd 

C 

rt w 

o 

\ 

^ V 

O tn 

U O 

C3 a 

’rt 

-M 

o 

td 

^ o 

Mean rela- 
tive dose 

a 

\ rt 

(u o 

Mean rela- 
tive dose 


Mean rela- 
tive dose 

10 years and under 10 years 


1 2 49 

D 

178 



0 75 

210 

Not over 20 years 

153 

229 




098 

124 

184 

Over 20 years 

167 

185 

B 




123 ' 

135 

All patients 

139 

221 

■ 

j 116 
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The mean of the dose given to young children was very lO'W, 0 75 gramme, 

It is natural that this should be less than die average for all ages as children did 
not tolerate' such large doses, but the dose given in the cases that relapsed was 
prachcally the same for all age periods Furthermore, although the mean of the 
relative dose given to young children was much greater than the mean of the 
relative dose given to all patients the cure rate amongst this group was the same 
as the general cure rate Again, the mean relative dose of the relapsing cases of 
the first age group — namely, 1 78 grammes is two and a half times as large as the 
relative dose of the relapsing cases of the third age group — which is 0 71 gramme — 
and IS practically the same as the mean relative dose of the cured cases of the 
third age group — namely, 1 85 grammes These facts suggest that this -method of 
calculating the dosage, directly according to the weight of the patient, is not the 
method likely to give the most consistent results Nor on the other hand can 
the dose be calculated irrespective of the weight and age 

It seems possible that a sliding scale method of calculating might be adopted ; 
as a provisional measure we suggest that more uniform results might be obtained 
if the mean of the actual and relative dose were calculated Thus the calculated 
doses for the three age groups, shown in the above tables, would be 1 42 grammes," 
1 54 grammes and 1 29 grammes, these figures are more or less in proportion to 
the cure rate in these three groups, which was 58, 63 and 51 per cent, respectively 

Thu CtTRU Ratu Curvu 

The figures given m Tables II and III were shown by the senior writer to a 
medical officer who has had considerable experience in statistical calculations, 
e expressed the optmon tliat although curves based on these figures might give 
some indication of the cure rate for any .particular dose the percentages— especially 
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probable, however, that a number of them died either of pneumonia or of 
anemia In further experiments now in progress the animals have been isolated 
to avoid cannibalism 


Incidpncc ojf Stone; 

The incidence of stone-in-the-bladder was 8 per cent in animals fed on tlie 
‘ oatmeal diet ’ , 22 per cent in those fed on the ‘ atta diet ’ (Tables II and III) 
The latter diet was, therefore, more potent to cause calculus than the former, 
this was evidenced not only by the higher incidence of the disease but by the size 
of the stones and the greater frequency of ureter and kidney involvement In a 
previous experiment(l) the incidence of stone was 29 per cent m animals fed on 
the ‘ oatmeal diet,’ while in the present experiment it was only 8 per cent The 
two experiments were carried out in a similar way, but there were the following 
differences between them (a) Younger animals were used in the present e\pen 
ment, their ages at its commencement ranging from 40 to 50 days, whereas in 
the first expenment the ages of the animals ranged between 60 and 90 days 
It seems unlikely that the difference in age could of itself have accounted for the 
remarkable difference m the incidence and severity of the disease in the two 
experiments (b) More minute attention was paid in the present experiments to 
thq hygiene of the animals , but although this may have had some influetice in 
determining the lower incidence of the disease, this influence would not appear 
to have been great, since the hygienic conditions of the animals in the first experi 
ment were by no means bad (c) Of more importance, probably, was the season 
of the year during which the two expenments were earned out Comparison of 
the results a,ppears to indicate that in animals fed on the ‘ oatmeal diet,’ stone-in- 
fhe-bladder and its sequelre are more likely to arise during the ^spring and 
summer months than dunng the winter months This is, however, a tentative 
conclusion which will require much further work before it can be finally estab 
lished 

One of the most interesting results of the present expenment is the greater 
incidence and the greater severity of the disease in the animals fed on the atta 
diet ’ Whereas the ‘ oatmeal diet ’ gave rise to stone-in-the-bladder in only four 
cases out of fifty animals, the ‘ atta diet ’ gave rise to stone in eleven cases In 
three of the former gravel only was present in the bladder and no formed stone 
while in none was the condition associated with severe cystitis, dilated ureters or 
diseased kidneys Four of the eleven cases produced by the ‘ atta diet ’ showed 
gravel only, associated in three with severe cystitis and in one with dilated ureters, 
hydronephrosis and diseased kidneys In the ‘ oatmeal diet ’ group there was only 
one case of formed stone , this was comparatively small, weighing 20 6 mgrms 
In the ‘atta diet’ group there were seven cases of formed stones (Plate XXV, 
fig 3) The number of the stones varied in individual cases from a single stone 
weighing 58 6 mgrms (case 36, Table III, Plate XXV, fig 3) to 20 and 25 weigh- 
ing 96 4 and 130 mgrms respectively (Plate XXV, fig 3) It is obvious, there- 
fore, that of the two diets the one containing atta (whole wheat flour) was the 
more calculus-produang an observation of great interest in view of the exten 
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might be based on a reasonably large number of observations we have grouped 
together all the higher doses The combined table is now as follows — 


Tabi,E VI 
Cure Rate 


Dose group 
grammes 

Mean dose of 
grbup 

Cured 

Relapsed or died 

Percentage cure 
rate 



Actual dose 



001 to 1 

0 39 

40 

61 

39 6 

1 01 to 2 

149 

47 

20 

701 

2 01 over 

286 

84 

1 

13 

866 



Relative dose 



001 to 1 

041 

21 

49 

30 

1 01 to 2 

149 

31 

17 

646 

201 to 3 

244 

[ 

42 

[ 

IS 

73 7 

301 to 4 

3 46 

48 

9 

842 

4 01 over - 

548 

29 

4 

87 9 
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In a previous paper (1) I recorded the experimental production in rats 
of stone-in-the-bladder, with its sequelae — cystihs, dilatation of the ureter aind 
hydronephrosis or pyonephrosis — by means of a diet consisting of tinned Scotch 
oatmeal, linseed meal, cornflour, sodium chloride, calcium phosphate and distilled 
water The present paper records the results of a further experiment in which 
the oatmeal in the above diet was replaced by whole wheat flour {atta) , the diet 
so constituted being more calculus-producing than the onginal ‘ oatmeal diet ’ 
The composition of the two diets is given below — 

Composition oe Calculus-Producing Diets 


Oatmeal 

per cent 

‘ Oatmeal Diet ’ 

53 

‘ Atta Diet ’ 

Whole wheat flour 

ff 

- , 

53 

Linseed meal 

ji 

20 

20 

Cornflour 

»> 

25 

25 

Sodium chlonde 


1 

1 

Calcium phosphate 

y> 

1 

1 

Distilled water 

ff 

ad lib 

ad lib 

J, MR 


( 197 ) 

14 
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common Ddatattou of ouc or othc} or both urctcis occurred in five cases out of 
the fifteen, an incidence of 33 3 per cent The right ureter was alone affected m 
one case, the left alone in two cases, and both ureters m the remaining two 
Hydronepla osts or pyonephi osis (the fluid in the dilated lulus of tlie kidney was 
not examined bactenologically, though it was. obviously septic in several) wai 
always present in association with dilatation of the corresponding ureter or 
ureters In one case a small stone was found in both ureters (No 30, Table III) , 
m another ‘ gravel ’ was present in the left ureter A small stone was found ih 
the kidney in only one case in this senes , but one or other or both kidneys were 
markedly diseased in six cases The diseased condition of the bdney \vas 
apparently due usually to unnary obstruction, but several kidneys bad small 
white miliary areas scattered throughout tire cortex and visible at the surface 
of the organ, one case showed this condition without any associated dilatation of 
the corresponding ureter (no histo-pathological studies of the diseased kidneys 
have yet been made) It will be noted from Table III that the sequelae of 
calculus were much more frequent in the cases resulting from the ‘ atta diet’ 
The following post-mortem notes, regarding case No 30 (Table III, 
Plate XXV, figs 1 and 2), will serve to illustrate the appeal ance seen in a fully 
developed case ‘ The animal is fairly well-nourished but external appearances show 
It to have been anasnuc On opemng the abdomen the bladder is seen to be very 
engorged and prominent Both ureters are markedly dilated and are kinked a 
short distance from their junction with the bladder the portion between the kink 
and tire bladder is greatly distended giving to the bladder a tri-lobed appearance 
The dilatation of the ureters extends up to the kidney on both sides terminating in 
distension at the hilus of the organ Pyonephrosis is present on the left side 
A very small stone was found in the right kidney A bunch of stones can be 
felt jammed into the neck of the bladder (Plate XXV, fig 1) On opening the 
viscus at this point two large stones one above the other came into view 
(Plate XXV, fig 2)witl'i two smaller stones on either side of them, the four forming 
a cross Much earthy deposit surrounds the two lateral stones, and blocks the 
onfice of both ureters On opening the bladder further it is found to be filled 
with blood-stained mucoid material and to be in a condition of intense cystitis, its 
walls being greatly thickened and congested A small stone was present in each 
ureter lying immediately above the “ kink ” referred to On severing the ureters 
from the bladder and pressing out their contents much earthy matter was removed 
This matenal together with that from the bladder was analyzed quantitatively for 
oxalates and phosphates The amount of the former present in the sample was 
3 128 mgrms (expressed as calcium oxalate) of the latter 6 134 ingrins (expressed 
as calcium phosphate) ’ 


Sex Incidence or Stone 

In my first series (21 cases) of experimentally-produced slone-m-thc- 
bladder(l) the incidence of the disease differed in the two sexes, being 40 per cent 
in females and 13 per cent in males In the present scries (15 cases) — taking 
both diets together — there were 9 cases among 60 females and six among 40 males, 



199 


R. McGamson 

\ 

Djjtaii^ op Thu ExpurimUnt 

The experiment was earned out during the winter months, commencing on 
October 11, 1926, and ending on February 25, 1927 a penod of 138 days It 
coincided with a spell of unusually dry and cold weather As will subsequently 
appear, season of the year seemed to exercise an influence on the incidence of 

stone 

One hundred young rats were divided into two batches of fifty, and confined 
in large, roomy cages under conditions of the strictest hygiene Their age vaned 
from 40 to 50 days Males and females were equally distributed m the two 
groups, there being 20 males and 30 females in each One group received the 
‘ oatmeal diet ’ in the form of lightly cooked cakes made up with distilled water , 
the other the ‘ atta diet ’ made into similar cakes The animals were allowed to 
eat as much as they desired Distilled water was provided ad hbifum The 
incompleteness of the two diets was made evident by the prevalence of cannibalism 
The fate of the animals is shown in Table II 


TabIvU II 

Shoitnng the causes of death of 100 iafs used in this e.xperinient 


Causes of death 

‘ Oatmeal Diet’ 

‘ Atta Diet ' 

Killed at end of expenment 

7 

6 

Pneumonia (mcluding broncho-pneumonia) 

18 

12 

'Scurvy CEdema' 

0 

1 

Pernicious Ansemia , 

3 

3 

Killed (?) and partially eaten by others 

12 

9 

‘Waltzing Disease* 

1 

2 

Ententis 

0 

1 

General wasting (starvation?) 

1 

1 

0 

Abdominal injury 

1 

0 

Unknown causes 

3 

5 

Stonc^m-the-bladder and sequelae 

4 

11 

Totai, 

SO 

SO 


Pneumonia was very prevalent owing probably to the relative deficiency of 
ntamm-A in the two diets combined with the cold weather prevailing during the 
period of the expenment It could not be ascertained with certainty whether the 
1 animals, noted to have been partially eaten by their fellows, were killed by . 
t lein or whether they died from natural causes and were partially eaten after 
ea 1 In the mjonty of animals dying in this way tliere was not enough car- 
cass e to enable the point to be decided at post-mortem examination It seemed 
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Tabi,e IV 

Showing the composition of the urine of animals zvhtch had received 
sfonc-prodiictng diets far 103 to 113 days as compared xvith that of 
animals of like age which received a zucll-balanced 
vtfamin-rich diet 


Volume of unne 
^collec^ed 

Specific gravity 

‘ Atta Diet’ 

‘ Oatmeal Diet ’ 

Controls A 

Controls B 

94 4 cc 

loss 

122 2 cc 

1048 

S8 2cc 

106S 

646cc 

1065 

Material 

Total 

ex- 

creted 

Per 

cent 

1 

Total 
ex- , 
creted 

Per 

cent 

Total 

ex 

creted 

Per cent 


Per cent 

Total mineral matter 

3 062 

3 40 

3 878 

3178 

1688 

2 900 

204 

314 

Total Nitrogen 

213 

236 

21s 

17S 

18S3 

3 914 

2 62 

403 

Chlorine (Q) 

1 16 

128 

172 

141 

0 077 

0133 

0259 

0398 

Sulphates (SOa) 

0 017 

0 019 

0 022 

0 018 

0 014 

0 024 

0012 

0018 

Phosphates (P1O3) 

0 636 

0 706 

0 627 

0S14 

0 766 

1316 

0 803 

1236 

Lime (CaO) 

0 023 1 

002s 

0 046 

0038 

0 017 

0 028 

0022 

0035 

Magnesium (MgO) 

trace 

trace 

trace 

trace 

trace 

trace 

trace 

trace 

Oxalates (Ca CUO*) 

0 039 

0 043 

0 067 

OOSS 

OOlS 

002s 

0 016 

0025 

Uric Acid 

0 101 

0112 

0107 

0 088 

0 076 

0130 

0083 

0129 


Note oni Previousey Recorded Work Associating Stone-in-the-BeaddEr 

WITH Fauety Nutrition 

In searching the literature for any previous records of the expenmental 
production of stone-in-the-bladder I find in addition to the work of Fujimaki,(2) 
mentioned in my previous paper, a reference by Osborne and Mendel in 1917 (3) 
to the incidence of phosphatic urinary calculi in rats fed on experimental rations 
Padua (1919) (4) also has drawn attention to cystolithiasis among FiHipmos m 
association \vith dietetic deficiency ‘Out of 58 cases of phosphatic calculi, 11 had 
ben-ben , in 18 cases under-nutrition was observed but without any ben-ben 
mamfestations , 27 cases occurred in well-nourished patients The phosphatic 
calculi were found mostly in children and young' people , while urate calculi were 
observed later in life (after 50 years) ’ (Quoted from Funk) (5) In this 
connexion it may be mentioned that in India stone-in-the-bladder is less common 
in Madras — tlie endemic home of ben-ben — than in the Punjab where beri-beri 
does not occur Commenting on these observations Funk(5) remarks that a 
are associated wth the indirect influence of vitamins, presumably decreasing 
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Tabi^U III 


Shozwiq the tnctdence of stone-m-the-bladdcr and of its sequela; with the weight 
of the calculi, and the ser of the affected animals 
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to which atta enters into the dietanes of the inhabitants of the ‘ stone-areas ’ of 
Northern India ' 


iNCIDENCIi OF THE SEQUEB.® OF STONE 
In my first paper on this subject I drew attention to the fact that in several 
cases of expenmentally-produced stone-in-the-bladder cystitis was not present 
This point has been carefully noted upon in the present series cystitis in greater 
or lesser degree was present in 10 out of the 15 cases, little or no cystitis was 
present in the remaining five Inflammation of the bladder does not, therefore, 
appear to be a necessary preliminary to the development of stone-in-the-bladder 
m rats Although no appreciable cystitis may be present, a condition of hyper- 
trophy of the bladder or thickening of its walls has sometimes been noted 
Earthy incrustations around the neck of the bladder or at the lower part of its 
posterior wall, or around the orifices of the ureters have been comparatively 
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the same disease which I have produced under experimental conditions m man by 
the administration of the unboiled suspended matter present m goitre-producing 
waters(l), and in rats(2) and goats(3) by the administration of cultures of 
faecal bacteria, tliese organisms causing ui the experimental animals the various 
manifestations of tlie endemic as seen m nature parenchymatous goitre in adults, 
and congenital goitre, cretinism and parathyroid disease m their offspnng It is 
the same disease whicli has been produced by Gaylord (4) in dogs by the 
administration of the unboiled scrapings from the wooden tanks in which goitrous 
trout were confined < 

Pathologically it is a true hypertrophy (17) Overstrain leads to the ultimate 
development of a diffuse fibrosis witli the appearance m the organ of circum- 
scribed areas of solid glandular tissue {adenoma) or of colloid-containmg 
vesicles {colloid adenoma) The amount of colloid material m tlie goitre appears 
to depend m great measure on locality the further the place of residence of the 
goitrous subject irom the endemic focus of the disease the greater is the tendency 
for the affected gland to store colloid material, the nearer the place of residence 
to the endemic focus the less colloid the goitre contains and the more it conforms 
to the parenchymatous or hyperplastic type (de Quervain) (6) In this state of 
chronic hypertrophy the thyroid is 6(iSistantly straining to satisfy the needs of the 
body for its products but just falling short of doing so, consequently evidences 
of hypothyroidism are almost invariably present in older subjects in goitrous 
regions of Himalayan India, hypci thyroidism (thyrotoxicosis) rarely or never 
These pathological changes are similar to those occurring in experimentally- 
produced goitre in animals and m trout confined in tanks (7) In the pregnant 
female they may result — especially when an additional burden is imposed on tlie 
resources of the thyroid gland — m the failure of the maternal thyroid adequately 
to satisfy tire needs of her own tissues and of the developing foetus for the glandN 
products, with tlie result that the foetal organ is unduly stimulated and congenital 
goitre or cretinism may result (8) a sequence of events which is equally true of 
experimental animals and of human beings m goitrous zones (9) 

This type of endemic goitre possesses distinctive epidemiological 
characters (10) it has its home m the high mountain ranges of tlie world, tl 
prevails with different degrees of intensity m different regions and in different 
parts of the same region, as m villages situated adjacent to one another, the 
intensity of the endemic is subject to fluctuation, being greater at one time than 
at another, it has made its appearance m many places where formerly it was 
unknown, and has disappeared from others, or persisted in them only as isolated 
cases. It IS especially prevalent in agricultural and pastoral districts, though in 
many towns in endemic zones it may be rife, it is commoner among the poorer 
than among the richer classes, and m agricultural labourers than m persons of 
other occupation , many persons may escape it altogether even in regions of high 
endemicity, it exhibits a distinct seasonal incidence, being more prone to make 
its first appearance in the spring months in persons not previously affected, or 
to undergo further enlargement at this season m persons who already suffer 
from It, epidemics may occur in susceptible individuals or in newcomers to the 
endermc zone, as m school-children or troops , tliere is a marked family predisposition 
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an incidence of 15 per cent m both sexes The cases occurring as a result of the 
‘ oatmeal diet ’ are in the present series too few to enable much significance to be 
attached to the difference in sex-incidence, nevertheless more females than 
males were affected 

Eleven animals out of 50 fed on the ‘atta diet’ developed stone-in-the- 
bladder 6 among 30 females and 5 among 20 males , an incidence of 20 per cent 
in the former and 25 per cent m the latter 


Timp op Onset op Stone 

t 

Without killing a large number of animals at stated intervals dunng the 
•course of an expenment such as the present one, it is not possible to determine 
precisely when stone-m-the-bladder first begins to make its appearance In the 
first series ( I") stone was found only in animals dying between the eighty-fourth 
and the one-hundred-and-fifty-seventh day of the experiment, m this senes 
‘gravel’ was found in the bladder in one animal (fed on the ‘oatmeal diet’) as 
early as the sixty-eighth day The first cases of stone in animals fed on the 
‘atta diet’ were encountered on the ninetieth day (Nos 26 and 27, Table III) , 
the last in animals killed on the last day (138th) of the experiment It would 
appear, therefore, that a period of about 60 days’ consumption of the faulty diet 
IS necessary for the production of calculus 


Ubine Anai^yses 

Between the 103rd day and the 113th day of this experiment, the night 
urine of six animals receiving the ‘ oatmeal diet ’ and of six receiving the ‘ atta 
diet ’ was collected in specially constructed receptacles designed to prevent admix- 
ture of the unne with faecal material or food The urine of two groups of six 
control, well-fed, rats of like age was similarly collected over the same period 
A crystal of thymol was added to the collecting bottles to prevent decomposition 
of the urine After ten nights a sufficient amount of urine had accumulated for 
quantitative analysis The results of this analysis are given m Table IV 

Using the analyses of the unne m the two control groups, and the differences 
between them, as control figures, the following results emerge m regard to the 
unne of animals receiving the stone-producing diets — 

(1) The ammals receiving these diets seemed to excrete more urine 

(which IS of lower specific gravity) more chlorides, more oxalates, 
less phosphates and less total nitrogen than control animals receiv- 
ing a well-balanced food (Presumably phosphates are preapi- 
tated in the bladder and deposited around the forming stones ) 

(2) The animals receiving the ‘ oatmeal diet ’ seemed to excrete slightly less 

mmeral matter, less phosphates, less total nitrogen, and slightly 
more chlorine, hme and oxalates than those receiving the ‘atta^ 
diet ’ (Compare composition of the two diets m Table I )" 
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In such sharp contrast aie the epidemiological and pathological difference-, 
in these two types of endemic goitre that differences in their etiology can hardly 
be doubted It is possible that both may have a common fundamental cause, 
but if tins be so then there are other factors peculiar to certain localities, — such 
as conditions of hygiene, quality and composition of the food, altitude, soil-com- 
position, hardness of drinking-water, etc — determining the direction which the 
initial pathological process shall take whether towards the undue accumulation 
of colloid material in the organ or the undue proliferation of its parenchyma 
elements What these factors may be are unknown at the present time, so far ab 
the genesis of diffuse colloid goitre is concerned The only information whicli 
my own experiments have yielded is that the accumulation of colloid material in 
the gland appears to be related in some way to disturbance of the ‘ calcium 
iodine-balance’ of the individual (19) 

To these two types of endemic goitre there are probably to be added others 
of more or less wide distribution One such may result in rats from the use of 
food containing more than 60 per cent of white flour and from which green 
vegetable foods and fruit are excluded The experimental production of this 
type of goitre in rats is dealt with in another paper published m this issue 
(page 247) , it may be predicted in regard to it that it will be found to occur 
sporadically amongst people into whose diet white flour enters largely and green 
vegetable foods sparingly Its occurrence is independent of the iodine ingested 

Both types of endemic goitre may occur in the same locality, and inter- 
mingled with them may be other goitres unrelated m their origin to endemic 
influences Indeed, it is becotmng more difficult year by year to find localities 
in which one type exists alone and in the pure state Even in the Alps — a home 
of the classical type of endemic goitre — conditions of improved hygiene, the 
introduction of protected water-supplies, and changes in the quality of food, must 
imperceptibly be bringing about alterations m the character, incidence and sequebe 
of goitre It is only in such localities as Himalayan India and the more remote 
villages of other mountainous regions, where old habits and customs still prevail, 
and to which the amenities of modern civilization have not yet penetrated, that the 
classical type of endemic goitre is likely to be still encountered m a state of 
etiological punty 

During the past twenty-five years I have devoted much attention to the 
relationship between tins type of endemic goitre and unhygienic conditions of 
life insanitary surroundings, polluted wnter-supphes and invasion of the gastro- 
intestinal tract by bacterial agents or their products The purpose of the investi- 
gation with which the present paper deals was to supplement the results previously 
arrived at and to determine, if possible, to what extent this type of endemic 
goitre IS related to the lodme-content of the soils and water-supplies of regions 
(Chitral and Gilgit) where the endemic exists in a state of comparative purity 

Samples of soil, of water-epneentrates- — prepared by evaporation of waters 
after the addition to them of sodium carbonate — of ‘ salt,’ and of substitutes for 
‘ salt,’ were collected from places where tins type of endemic goitre raged with 
great intensity and vdiere its congenital manifestations were abundant, others 
from villages, some in the heart of an endemic zone, where goitre did not occur . 
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the resistance to infections, m which connexion vitamin-A is of a special signi- 
ficance For It IS apparent that a local infection is the real cause of this calculus 
formation’ Examples have, however, been given in this paper in which no 
cystitis was found to accompany the stone The investigation is still in too early 
a stage to enable a final decision to be reached on this important point 

'' Summary 

( 

(1) The results recorded in my first paper on this subject have been 
confirmed 

(2) A diet consisting of whole wheat flour, linseed meal, cornflour, salt 
and calcium phosphate, has been shown to be very potent in causing stone-in-the- 
bladder and its sequelae 

(3) The mam faults of this diet are its high content of cereal foods and 
phosphates and its deficiency in vitamm-A, m these respects it approaches in 
quality that used by the inhabitants of stone-areas in Northern India 
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dissolved in the solutions liberates it slowly Any method involving titration 
with thiosulphate is open to the same objection, as to titrate small quantities o( 
iodine with any approach to accuracy, using starch as an indicator, an excess of 
KI in acid solution must be present This method proved unsatisfactory in my 
hands 

The nexit step m the investigation was to devise a satisfactory means oi 
estimating small quantities of KI (up to 1 mg m 20 c c ) in pure solution Some 
experiments were made with Fresemus’ method using chloroform as the liquid 
for extraction and titrating the iodine with thiosulphate It was found that 
the HNO 2 used for liberating the iodine clung to the chloroform in spite of 
washing and hberated more iodine from the KI which had to be added before 
titration Urea was tried as a means of getting nd of the excess of HNO, but 
was not satisfactory 

In view of these failures, but more in view of the objechons to any method 
involving titration with thiosulphate and starch, a colorimetric method was 
tried Suitable amounts of KI (up to 0 5 mg ) were made up in 50 ccm 
separating funnels to some definite bulk ( 10 , 15 or 20 ccm ) with water and 
sulphuric acid so that the final acidity was about 2 5N The iodine was hberated 
and extracted with 10 ccrm of chloroform or carbon tetrachloride The colour 
of the iodine in solution was then read against a standard made by treating 
a suitable amount of N|1000 iodine in the same way In this method, if the 
reagents are free from iodine, no iodine is added, so that any found must come 
from the substance experimented on There are, moreover, no substances likely 
to be met with, which give purple solutions in chloroform or carbon tetrachlonde 
except iodine It was found in some preliminary expenments ( 1 ) that about 
0 025 mg of iodine in 10 ccm chloroform gave a perceptible colour, (2) that the 
colour of dilute iodine solutions was approximately proportional to the con- 
centration, and (3) that the presence of NajSO^ and some other salts did not 
affect the liberation or extraction of the iodine, so that the method seemed 
hopeful 

For sometime, however, the method gave what seemed to be capricious 
results On some days the amount of iodine found was from 95 per cent to 
' 100 per cent of the theoretical, but on others only 60 per cent to 80 per cent or 
occasionally even less Some experiments on the various agents for liberating 
the iodine seemed to show that nitrosyl-sulphuric acid (‘ nitrose ’) was the best 
(HNO 3 +H 2 SO 4 ) and (KNO 2 +H 2 SO,) were also quite effective but the latter 
gave cloudy chloroform solutions The standard seemed satisfactory The 
N 1 1000 was prepared by dilution from N|10 made by direct weighing and 
standardized against bichromate every week or so Its correction factor was 
always between 0 992 and 0 993 and this was allowed for The diluted solution 
(N(IOOO) ■was found to keep for two days unaltered The chloroform solution 
does not fade measurably in three hours, evaporation in fact tends to make it 
stronger but this can be prevented by keeping a layer of water on top The KI 
solution ^vas made by direct weighing and gave identical results ■with another 
solution made by my assistant, i e , on the days when the method was giving 
good results each solution gave from 95 per cent to 100 per cent of theoretical 
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PART I. 

INTRODUCTION 
(By R McCarrison ) 

The investigations recorded in this paper relate to one type of Endemic 
Goitre only that variously called ‘ parenchymatous goitre ’ in young subjects, 
‘ adeno-parenchymatous goitre’ in older subjects, ‘chronic hypertrophic goitre’ 
and ‘ hyperplastic (non-toxic) goitre ’ , the last usually in reference to the expen- 
mentally-produced disease in animals It is tlie classical type of endemic goitre 
described by the older writers (Fod6re, Saint-Lager, BaiUarger, Kocher, Birchet 
and many others) as occurring in the Alps and other mountainous regions m 
association ivith cretinism, deaf-mutism and idiocy, and is the type which I 
have studied in Chitral, Gilgit, and other parts of Himalayan India It is, too, 
the type of goitre which may occur in animals living in captivity under unhygienic 
conditions of life, as in aitificially-bred trout confined in tanks It is, I believe, 

( 207 ) 
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distinctly acid to litmus, and filtered from a precipitate which forms at this stage, 
if not before, into a separating funnel and the precipitate washed till the filtrate 
and washings make up about 70 ccm The colour of this extract vanes from 
pale yellow to a brownish yellow Some (generally 1 ccm ) NjlO arsenioih 
oxide IS then added and left for at least half-an-hour Two ccm of carbon 
disulphide are run in and ten drops of nitrose added and the mixture well shaken 
The iodine liberated by the nitrose collects in the carbon disulphide phase In 



ring of the retort stand is impregnated with asbestos 
C Circular iron ring of the retort stand shown m section 

D Gauge for measuring the pressure of the gas The pressure was kept at 5 cm water 
The basin is supported on three small pieces of asbestos so that it is about 1 mm above the asbestos 
gauze The temperature on the top of the asbestos gauze will just melt zinc (m p 419 C) 


some cases the separation of the two phases is not good and the carbon disulphide 
IS mixed up with a brownish scum which prevents the drops from running 
together Generally, at least 1 ccm can be got clear by opening the tap of the 
funnel slowly, but when this is not possible the carbon disulphide can always oe 
cleared by running it and some of the water phase up to a total of alioiit 10 ccm 
into a centrifuge tube and spinning it at 2,000 revolutions for a few minutes 
To estimate the amount of iodine as much of the carbon disulphide phase as 
•can be got clear is run into a small test tube, graduated into l|10th of a ccm, 
and the colour compared with that of a standard solution of iodine m carbon 
disulphide, the latter is prepared by adding a measured amount of standard 
potassium iodide solution to 70 ccm of acidified water and arsenious oxide 
solution m a similar separating funnel and liberating the iodine by the addition 
of 2 ccm of carbon disulphide and 10 drops of nitrose As much of the standard 
as can be got clear is then run into an exactly similar test tube and cither the 
standard or the sample, according to wdiich is darker, diluted with more carbon 
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or hereditary tendency to the disease, consanguinity favours its develop- 
ment, It IS associated with congenital goitre, cretinism (myxoedematous and 
tetanic) (8), deaf-mutism and idiocy, these sequelae being as much a part of the 
endemic as the goitre itself, apart from congenital goitre the malady is com- 
paratively rare m childhood, but it gradually increases in incidence as age advances, 
attaining its acme between the ages of 50 and 60 years , in regions of low 
endemicity it is much commoner in females than m males, while in regions of 
high endemicity the disproportion m the two sexes disappears , there is a marked 
tendency to spontaneous disappearance of eaily cases following their removal 
from the endemic zone, m the endemic zone itself approximately 10 per cent of 
‘ first attacks ’ of goitre recover spontaneously The endemicity of this form 
of goitre cannot be gauged alone by its prevalence in childhood A proper index 
IS only afforded by an estimate of (1) the number of goitrous subjects in the 
general population, (2) the proportion of males to females affected, (3) the 
number of cretinous children, deaf-mutes and idiots, (4) the number of sus- 
ceptible individuals who acquire the disease within a fixed time, and (5) the size 
and character of individual goitres Nothing has done more to confuse the 
issues involved in the etiology of the ‘ goitres ’ than the failure to recognize 
these critena on which the endemicity of this disease can alone be based 

This type of endeimc goitre is commonly related in its origin to unprotected 
and impure water supplies, it can be prevented by the substitution of protected 
and bacteriologically pure water for unprotected and bactenologically impure 
water, and it has disappeared from certain places as a result of this 
measure (10) (11) It can be cured in its early stages by the administration of 
thyroid substance and of thymol and other intestinal antiseptics (12), by means 
of vaccines (13) prepared from bactena of various kinds, and by the internal use 
of iodine or by its external application , in its later stages it is resistant to lodme- 
therapy which may then do more harm than good In whatever way the goitre is 
caused to disappear the symptoms of hypothyroidism accompanying it also 
disappear (5) 

In most of these respects this form of endemic goitre is in marked contrast to 
the diffuse colloid type of endemic goitre The latter is more especially a disease 
of the plains and, of sea-level regions , most prevalent in children , attaining its 
acme before and at the age of puberty, and disappearing but for residual 
changes in the gland, after the age of 25 years (Plummer (14), Tevin(15), 
01in(16)) It does not appear to be related in its origin to impure water, but 
there is evidence to suggest that the inadequate ingestion or assimilation of 
iodine is concerned in its genesis, in its fully developed form it represents an 
interrhption or imbalance of thyroid function (Williamson and Pearse(17)) It 
is commonly associated in the same locality with Graves’s Disease, but there seems 
to be little statistical evidence m regard to the extent of its association with 
congemtal goitre, cretinism, deaf-mutism or idiocy — such evidence as there is 
suggesting that these conditions are not an essential feature of the endemic 
Pathologicall)f, it is characterized by intense engorgement of the superficial vessels, 
an by the storage m tlie gland of colloid material to the almost complete 
exclusion of active secretion (Williamson and Pearse(17), iPlummer(18) ) 
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Tnn ErFCCT Ci,ARiriCATioN with Animal Charcoal 

Clarification does not seem to cause any loss of iodine Compare the follow, 
ing experiments — 




Sod 

Iodine atided 

Potasli 

Heating in 
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Second 
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tion 
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20 
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M 

C 

C 

03 

,20 

30 

No 
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and also the following direct experiment — 

A SO c c water + 0 1 mg KI + HjSOi 
B Do Do + animal charcoal 

C Do Do + KOH + animal chaicoal 

Each filtered, and C after filtration made acid with HoSO^ To each 1 ccni 
CSo and 8 drops of nitrose A and C pink and about equal B colourless 

Showing that KI is adsorbed by animal charcoal m acid medium but not in 
alkaline 

Tnp ErrncT op a Slcond Hlating 

A second heating seems liable to cause a loss of iodine In two experiments 
0 3 mg of iodine as KI plus 10 ccm KOH were evaporated on a sand bath and 
heated for 15 minutes, and then made acid, filtered, As^O^, CS2 and nitrose added 
Read against 0 3 mg standard 0 21 and 0 19 mgs were found indicating a loss of 
about 33 per cent 

A similar loss is shown in two experiments in which M C C soil with 0 3 mg 
of added iodine was extracted with water and the iodine estimated in the residue 
and filtrate separately In the one case both the residue and filtrate were healed 
a second time and in the othei this second heating was omitted With the second 
heating a total of 0 20 mgs iodine was recovered and without it a total of 0 30 mgs 

In the later experiments the second heating was abandoned 

Tiil Eppicilncy or thc Method op Estimating Iodine in the Acid 

Filtrate 

With pure KI solutions the method is excellent using CCl^ as the immiscible 
solvent (vide avtc) With CS, the solution of iodine does not fade if left 
standing under the water phase and the results would be presumably similar 

Mg, (NH4), Ca, Na, and K 10ns are without effect on the method but Cl 
ions, if present in large quantity, may affect it seriously Up to 25 mgs chlorine 
ion in 20 ccm is without appreciable effect With more than this some effect is 
noticed especially if a large quantity of nitrose is added This is probably due 
to the liberation of chlorine The inhibitory effect of chlorine ions can be 
avoided if As^Oj is used Using 10 ccm of N|10 AsjOs solution in 70 ccm 
water phase, half saturation with sodium chloride is without effect on the libera- 
tion of iodine This proportion of AsoOg does not prevent any iodine being 
liberated One ccm of AsjOg will quantitatively reduce 0 3 mgs of lodate to 
iodide Little evidence of any of tbe iodine being in the form of lodate when 
extracted from the soil by the ordinary process could be got, but AsjOj was 
added as a precaution, as nitrose liberates nd iodine from lodate 
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and others, again, from villages where the incidence lof the disease was com- 
paratively slight Similarly, samples of soil were collected from vanous parts of 
the Madras Presidency— sea-coast, montane and sub-montane— where endemic, 
goitre IS unknown These samples were numbered and sent to my colleagues who 
undertook, independently of each other, the estimation of their lodme-content , 
the sources oi the samples being unknown to them Their investigations involved 
the preliminary examination of the published methods of lodine-estimation in 
soil and water, and the evolution by each of a method which appeared to him 
satisfactory, or as satisfactory as was possible without much further study of 
the chemical problems involved Examinations of food for iodine were not 
imdertaken, since in the majority of places from which the soils and water- 
concentrates were obtained the people are dependent entirely on their own produce 
in which the iodine-content of the soil, and of the water irrigating that sod, is 
probably reflected It is, however, by no means certain that the amount of 
iodine m the soil bears a very close relationship to the amount of iodine in the 
vegetable foods grown upon it It seems not improbable that plants generally, 
or at any rate some species of plants, may have the capacity of selectively 
absorbing iodine out of soils But the complication of imported food-supplies, 
which might supplement the amount of iodine available in local products, did not 
concern us m the present inquiry The only imported food materials were 
‘rock salt,’ and vanous kinds of 'salty earth’ {niimkki imtu) , these were 
examined separately 


PART II. 

METHODS OF IODINE DETERMINATION IN SOIL, SALT AND 

WATER-CONCENTRATES 

FIRST METHOD 


(By C Newcomb ) 

The method of Grutzner(35) (slightly modified for soil) was first tned on a 
sample of soil from the Madras Medical College compound The method 
consists in heating the soil with NaOH and BaO^, oxidising the iodine to 
NalOj with permanganate of potash in alkaline solution , getting nd of the 
excess of ^BaOg with HgSO^, and of the excess of permanganate with alcohol in 
alkaline solution — ^tlie hydrated MnOj which is precipitated being filtered off 
finally, liberating the iodine from the NalOs by the addition of excess of KI in 
acid solution and Utrating it with thiosulphate Theoretically by this method one 
gets SIX atoms, of iodine to titrate for every atom in the soil It is open to the 
objection however, that one is adding a substance containing iodine (KI') and 
many other things besides NaI 03 liberate iodine from KI in acid sblution 
lany substances are added and others may have been present ongmally m the 
soil which if imperfectly removed might liberate iodine, and even the oxygen 
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Soil VII with 0 mg iodine added found 0 13 

Soil VII with 0 3 mg iodine added found 0 35 

Hence the recovery is 74 per cent and this soil contains 0 18 mg |40 grms 

Average recovery 68 per cent 


Analysis op McCarrison's Samples oe Soil 
In each case 40 grms of soil were taken 



Iodine 

Potash 

Heating in Clanfica- 

Second 

Iodine 

Figure 

Parts 

Soil 

added 

added 

minutes 

tion 

heating 

found 

taken 

per 10 


mgs 

cc 




mgMOg 


millions 

I 

— 

60 

60 

No 

No 

102 . 



I 

— 

60 

60 

Yes 

No 

1 30 t 

129 

323 

I 

03 

60 

60 

Yes 

No 

185 ' 




The last of these three estimations as made on washed soil the iodine being 
estimated in the residue and filtrate separately 
The figure ‘ 1 85 ’ is thought to be too high 

II - 60 60 No No 0 97 — 243 

II - 60 60 No No 0 47 — 118 


These two estimations are selected from amongst several with these tvvo soils 
as the most satisfactory in that what is thought to be a sufficiency of potash was 
used and there was no second heating 


IV 

— 

60 

60 

Yes 

No 

0 02 1 


ft n 

IV 

02 

60 

60 

Yes 

No 

017' 

U U) 

o W 

V 

— 

60 

60 

Yes 

No 

010/ 

n 14 

35 

V 

02 

60 

60 

Yes 

No 

0 24 1 

U XT- 

VI 

— 

60 

60 

Yes 

No 

0 03 1 

0 04 

10 

VI 

03 

60 

60 

Yes 

No 

018/ 


VII 

— 

60 

60 

Yes 

No 

013. 

0 18 

45 

VII 

03 

60 

60 

Yes 

No 

0 35 1 



The ‘ figure taken ’ for each of the above four samples was arrived at by 
increasing the iodine found in the soil in proportion to the percentage of added 
iodine recovered as determined in the second of the estimations For example 
teiking sample IV — 

If be the amount of iodine in 40 grms of the soil, and a the proportion 
of the total recovered in each determination we have — 

( ^ 0) a = 0 02, (r + 0 2) a=0 17 and hence r = 0 03 , a = 0 75, i e , 

75 per cent of the total iodine is recovered 
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and on the days when the method was giving low results each solution gave 
results equally low The KI solution was, therefore, presumably correct 

The capriciousness of the method was finally tracked down to the fact that 
iodine when liberated by mtrose and extracted by chloroform fades when kept 
The fading is due to some substance formed when the mtrose comes into contact 
with thfe chloroform The standard, to which no mtrose is added, does not fade 
It is not .possible to prevent this fading— although one may slow it down a 
Ijjfig — | 3 y 'washing the chloroform phase, or by destroying the excess of mtrose 
with urea If, however, carbon tetradiloride be used instead of chloroform the 
fading does not take place In this case it is necessary to use caihon tetrachloride 
for the standard also as the coloui is slightly deeper in this extraction agent 
Using CCI 4 the method gave excellent results with pure KI solutions 
Readings of known KI solutions containing from 0 to 0 5 mgs of iodine in 20 ccm 
against a standard made from N|10 iodine gave results within 0 005 mg when 
the standard and the KI solutions were not very different in strength, and to 
within 0 02 mg when one was about double the other These differences^ could 
be still further reduced by making corrections Variations of (1) the amount of 
water phase, (2) the acidity, and (3) the amount of mtrose were found to be 
without effect for small variations A little over 0 01 mg could just be detected 
by the method and anything more than this measured 

Mcthod OS' Extraction and Estimation os' thc Iodinc in Soil 
The method finally adopted for the extraction of iodine from soil is founded 
on that used by Hercus, Benson and Carter (20), but with important modifica- 
tions ' / 

The whole sample as received is finely ground in a mortar — stones and all — 
tjll it will go through a fine sieve, and the powder then well mixed The powdered 
soil IS mixed with a 10 per cent solution of potash an a 10 cm diameter nickel 
dish and dried either on a water bath or over an open flame During 'the drying 
it IS stirred with a spatula especially when it has got to the stage of a thick mud 
so as to break it up into small lumps When dry it is again powdered and then 
heated 111 a constant heating arrangement which raises the temperature to some- 
where about 400°C , for a definite time This arrangement is shown in Fig 1 
By this means it is hoped that the organic matter of the soil will be destroyed and 
the iodine converted into iodide or possibly some into lodate After heating it is 
cooled and extracted with boiling watei till the washings are colourless This 
takes about 200 to 300 ccm The colour of the extract varies according to tlie soil, 
the time of heating and the amount of potash used It is generally a dark brown’ 
The extract is then evaporated on a water bath In the ca^es in whicli the extract 
IS very dark it is generally clarified, after its bulk has been reduced to 100 to 
150 ccm , by the addition of some 5 to 10 grms of animal charcoal followed by 
another filtration and a careful washing of the charcoal The evaporation is 
then carried on till the bulk is about 30 ccm or in some cases to dryness In tlie 
latter cases the residue is again heated on a sand bath with or without the addition 
o more potash until it is of a light brown colour, and then taken up in about 
3U ccm of uater The extract is now acidified with 5N-sulphuric acid till 

J, MR - 
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‘ None ’ m the last column means less than 5 parts of iodine per ten million 
parts of soil 

Eppcct op Storage on Iodine-Content or Sampees 
Fellenberg has found that if potassium iodide be added to soil some of the 
iodine IS given off as vapour, the amount so vapourized varying with different 
soils It seemed possible, therefore, that soils may give off some of their iodine 
on keeping or even pick up some from the air To test this point the following 
experiment was carried out a certain soil was taken which was found to contain 
28 parts of iodine per 10 millions m two determinations After exposure to 
the air and sunlight for 67 hours 28 parts per 10 millions were still found, but 
after exposure for 261 hours only 20 parts Conclusions cannot be drawn from 
a single experiment, but the result is suggestive and merits further investigation 
Another factor which may introduce an error into the results, but of what 
magnitude it would require much study to determine, is the very variable content 
of water in a soil 


The Estimation op Iodine in Salt 

In the case of salt the method adopted was as follows — ^ 

Ten grammes of the salt were taken, dissolved in water, and made acid with 
SNHjSO^ The solution was filtered and the insoluble matter washed till the 
filtrate and washings made up 60 ccm Ten ccm N|10 AsoOg were added and 
left for half-an-hour, and then one or two ccm of CSo and ten drops of nitrose 
The resulting colour was read against a standard prepared by adding 10 grms 
of salt, free from iodine, to 60 ccm of acidified water and a suitable amount of 
standard KI solution The same amounts of ASgOg, CSj and nitrose were added 
to the standard as had been used for the unknown ' 

With common salt bought m the bazaar this method gave no iodine but 
would detect 0 02 mg added to 10 grms (2 parts per million) The recovery 
of more added iodine was by this method 100 per cent within the limits of error 
of the colorimetric readings 

An attempt was also made to concentrate the iodine in salt by a method of 
fractional precipitation with alcohol similar to that described in Treadwell and 
Hall’s Analjdical Chemistry, 1907, Vol II, p 521 30 grms of salt were taken to 

start with and were concentrated to 10 grms or less and then the iodine estimated 
as above A certain amount of iodine, however, seemed to be lost in the process 
and in the most successful experiment with this modification 0 03 mgs m 30 grms 
(1 part per million) was only just detected 

The method supposes the iodine to be in the form of iodide or lodate 
Presumably if the iodine were in some organic or other combination as in soils 
the method would fail to detect it 

Analyses op McCarrison’s Salt Samples 


Sample 

Amount 

taken 

Insoluble 

matter 

Concen 

trated 

Iodine found 

Figure 

taken 

Parts per 10 
millions 

XI 

XI 

XXIX 

XXX 

101 

30/ 

10 

10 

13% 

10 8% 
none 

i no 
\ yes 
no 

no 

0 07 \ 

0 09 / 

none 

nonj 

0 07 

70 

less than 20 
less than 20 
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disulphide until the colours match From the amount of dilution necessary the 
amount of iodine is calculated by a simple proportion 

In many cases the residue of the water phase is tested for the presence of 
any substances which might inhibit the liberation of iodine, by the addition of 
0 05 to 0 10 mgs iodine in the form of KI, and 1 or 2 cem of fresh carbon 
disulphide In nearly every case m which this was tried this added iodine was 
recovered quantitatively indicating the absence of any such inhibiting substances 
Where no iodine is found the effect of more ASgOg and more nitrose is tned, but 
m all cases without any alteration in the result 


The Eeecct of the Time oe Heating and the Amount of Potash 

The effect of the time of heating does not appear to be very great when the 
standard heating arrangement is used, except that the longer the soil is heated 
the lighter is the colour of the extract If the heating is conducted over an open 
flame and the dish is allowed to become red hot then iodine appears to be lost 
The following experiments show this — 


Soil 

Iodine added 

Potash 

Heiting m 

Clanfica- 

Second 

Amount of 


mgs added cem 

minutes 

tion heating 

iodine found 

M C C 

02 

20 

15 

No 

No 

0 13 

M C C 

02 

20 

45 

No 

No 

0*14 

M C C 

02 

20 

60 

No 

No 

0 14 

M C C 


20 

20 

No 

Yes 

0‘09 

M C C. 


20 

50 

No 

Yes 

0*07 

These results are too 

low but 

the effect 

of the time 

of heating does not 

seem to be marked 






The amount of potash added is 

of great importance — 



III 

— 

40 

60 

No 

No 

0 23 

III 

— 

60 

60 

No 

No 

0 47 

III 

— 

100 

60 

No 

No 

none 

M C C 

02 

20 

60 

No 

No 

0 14 

M C C 

02 

92 

60 

No 

No 

0 30 

Showing that witli insufficient potash much iodine is lost 



The 

following experiments show the combined effect 

of time 

of heating 

and the amount of potash - 

— 




I 

— 

20 

30 

No 

Yes 

0 23 

I 

— 

60 

60 

No 

No 

1 02 

II 

TT 

— 

20 

30 

No 

Yes 

0 34 

TTT 

' 

60 

60 

No 

No 

0 97 

111 

TTT 

— 

20 

30 

No 

Yes 

015 

ill 

TTT 


40 

60 

No 

No 

0*23 

111 

> 

60 • 

60 

No - 

No 

0 47 
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•s 

Estimations of Iodine in Water Concentrates 
The estimation’ of iodine directly m the concentrate by making it acid, 
filtering and liberating the iodine from the filtrate, was found unsatisfactory m the 
one case m which it was tried (XXXV), owing to something in tlie filtrate 
interfering with the liberation of the iodine 

The following method was therefore adopted — 

From 50 to 100 ccm of the concentrate were taken according to the amount 
available, 10 can of potash added and the mixture evaporated Dunng tlie later 
stages of the evaporation 20 grms of sand, free from iodine, were added 
When dry tlie mass was heated on the constant temperature apparatus for 
30 minutes, and then treated as for a soil No clarification was needed as the 
extracts were all nearly colourless No second heating was used 

With each of the concentrates two estimations wer^ done, one without any 
and one with 0 1 mg of iodine in the foim of KI added The recovery of small 
quantities (0 02 to 0 04) of iodine added to the residue of the water phase after 
the estimation was always tried and in each case the recovery was good (le, over 
75 per cent) Using this method it is thought that 0 005 mg of iodine would 
just be detectable 

Total solids, including sediment, of each of tlie concentrates were also esti 
mated by evaporating 5 ccm of the well shaken concentrate to constant weight 
on a water bath ’ 


Analyses or McCarrison'’s Water Concentrates 

, Amount of 
iodine in 



Total 

Total 

Volume 

Iodine 

Iodine 


Per cent 

mgsllitrc 

Number 

vol 

solids 

taken 

added 

found 

Fjgurc 

of added 

= parts m 


CCS 

gr/100 CCS 

CCS 

mgs 

mgs 

taken 

iodine 

a million 





recovered 

of con 

centrate 




XXXI 

300 

2 40 

100 

0 

trace 1 

0 0561 

0 01 

51 

01 




100 

0 1 

XXXIl 

320 

1 46 

100 

0 

OOlOl 

0 1041 

0 01 

94 

01 ^ 




100 

0 1 


XXXIII 

115 

7 38 

50 

0 

V 0 024 1 

0 02 

94 

04 




50 

0 1 

0 1181 


XXXIV 

220 

1 54 

60 

0 

? trace \ 

’ 001 

65 

?02 



60 

0 1 

0 070 / 

• 

XXXV 

342 

1 88 

80 

0 

none]. 

none 

90 

none 




80 

0 1 

0 09 1 




It is doubtful if XXXIV contains any iodine, but if any, then not more than 
0 01 mg in 60 cc =02 parts per million 

No iodine was detected m XXXV and had more than 0 005 mg m 80 c c 
been present it is thought that it would have been found ‘None’ here mtans 
less than 0 07 parts per million 

I am indebted to my research assistant Mr B G Krishnamurtlii 
assistance in most of these experiments and to my other research assistant 
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One drop of nitrose in 20 ccm is enough to liberate over 0 8 mgs iodine, 
but when AsoOg is added this proportion is not enough to liberate all the 
iodine even when a much smaller amount than 0 8 mg is present Ten drops_ 
will liberate all, or very nearly all, the iodine whether 1 ccm or 10 ccm of 
N|10 Aspa are used If a lot of As„Oa is added a large excess of nitrose is 
to be avoided as it oxidizes some of the liberated iodine further, especially if 
much chlorine ion is present 

The evolution of COj, when acid is added to a solution containing a car- 
bonate and ICI does not carry off any iodine The presence of SOj prevents 
the liberation of Iodine by nitrose 


ReagCnTS 

The reagents used were free from appreciable amount of iodine Numerous 
experiments in which no iodine was found indicate this The KOH was specially 
tested for iodine by making 40 ccm of it acid and adding ASaOg, CSo and 
nitrose No pink colour resulted indicating less than 0 02 mg iodine in 40 ccm 
The nitrose was prepared by passing nitrous fumes, got by the interactiom of 
starch and nitnc acid, into a strong sulphuric acid 

The KOH solution was made from sticks ‘ pure from alcohol ’ by dissolving 
100 grms in a htre of water 
The HoSO^ used was 5 N 
The CSj was Hopkins and Williams ‘ A.R ’ 

- The KI solution contained 1 mg iodine per 10 ccm It was made by 
weighing out KI and standardized against bichromate 

In all cases 40 grins of soil were taken for each experiment ‘ M C C ’ means 
Medical College Compound, Madras It is also called sample VIII 


RpcovgRY OF Addcd Iodinf 

Most of the experiments on tht recovery of added iodine were made before 
the necessity of adding a sufficiency of potash and the loss on second heating 
had been discovered The following experiments however indicate that using 
60 ccm potasli for 40 grms of soil, heating for 60 minutes and omitting the 
second heating, the recovery is somewhere about 70 per cent 
Soil IV with 0 mg iodine added found 0 02 mg 
Soil IV with 0 2 mg iodine added found 0 17 mg 
Hence the recovery is 75 per cent and this soil contains 0 03 mg |40 grms 
Soil V ynth 0 mg iodine added found 0 10 
Soil V with 0 2 mg iodine added found 0 24 

Hence the recovery is 70 per cent and this soil contains 0 14 mg |40 grms 
Sod VI with 0 mg iodine added found 0 02 
Sod VI with 0 3 mg iodine added found 0 18 

Hence the recovery is 53 per cent and the sod contains 0 04 mg l40 grms 
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The filtrate is then transferred to a separating funnel and 2 ccm of carbon 
disulphide added Ten drops of nitrose (specially prepared from starch and 
nitric acid) are added and the whole well shaken Iodine is liberated and is 
dissolved out by the carbon disulphide It is allowed to settle 

The top layer is decanted off into another separating funnel so that as 
little of the carbon disulphide passes over as possible The iodine is then washed 
twice with 20 ccm of water each time and similarly decanted into the same 
separating funnel About 1 to 2 ccm of saturated sodium acetate solution are 
added to the carbon disulphide and shaken The whole is then withdrawn into a 
stoppered test tube m which the titration of the iodine is conducted A small 
quantity of carbon disulphide passes over while decanting and is found collected 
m the other separating funnel It is withdrawn from the latter, on to a funnel 
fitted with a wetted filter paper It is washed twice with a jet of water and then 
transferred, by puncturing the filter paper, to the stoppered test-tube 

The iodine is then titrated against N|1270 NaoSjOg The disappearance of 
the colour can be seen to within about 0 1 ccm of the thiosulphate of the above 
strength About the same range of sensitiveness as Hercus and his co-workers 
has been found, i e , working with 50-gm portions of soil it is possible to detect 
2 parts of iodine in 10,000,000 parts of soil 

The method employed m estimating iodine in water concentrates was the 
same as for soils 


The Estimation oe Iodine in Salt 

In the presence of large quantities of sodium chloride, nitrose failed to 
liberate the small quantities of iodine that are usually met with in these sample'- 
The method of Kendall was, therefore, adopted to suit the present case No 
Ignition was conducted The iodine is oxidized by bromine to lodate, the excess 
of bromine driven out by boiling and the lodate estimated by determining the 
iodine It liberates from added potassium iodide 

Duplicate experiments with pure salts were at first conducted 2- ccm por- 
tions of potassium iodide solution, containing about 0 1 to 0 2 mg of iodine, were 
subjected to the above operations with and without the addition of 10 gms of 
sodium chloride The following are the titres obtained — 

2 ccm of potassium iodide only 15 cc 

do do 1 45 c c 

2 ccm of potassium iodide solution plus 10 gms of 

sodium chloride 1 55 cc 

do plus do 1 5 cc 

The agreement is so close as ta justify the conclusion that the presence of 
NaCl IS harmless Sodium chloride alone was tried because the salts when 
examined qualitatively, gave indications of large quantities of chloride and car- 
bonate and only traces of sulphate 

The results of analysis are given in a separate tabular statement appends 
More than one figure in the case of some samples represent repetitions 
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Iodine 

Potash 

Heating in 

Clarifica- 

Second 

Iodine 

Pigure 

Parts 

Soil 

added 

added 

mmiites 

tion 

heating 

found 

taken 

per 10 


mgs 

cc 




tng/40g. 


million, 

VllI 


20 

20 

No 

Yes 

0 09 , 




VIII 



20 

40 

Yes 

No 

010 




VIII 



20 

50 

No 

Yes 

0 07 




VIII 

03 

20 

30 

Yes 

Yes 

0 38 




VIII 

03 

20 

30 

No 

Yes 

0 39 




VIII 

0 05 

20 

30 

Yes 

Yes 

0 14 




VIII 

0 05 

20 

30 

No 

Yes 

0 06 


0 10 

25 

VIII 

03 

20 

30 

No 

Yes 

0 20 




VIII 

03 

20 

30 

No 

No 

n ^0 




VIII 

02 

20 

45 

No 

No 

0 14 




VIII 

02 

20 

60 

No 

No 

014 




VIII 

02 

20 

15 

No 

No 

013 




VIII 

02 

92 

60 

Yes 

No 

0'30 J 




In : 

most of these estimations the amount of potash added 

is not 

sufficie 


In spite of this the first six agree remarkably well amongst themselves The 
' figure taken ' is arrived at by a consideration of all the estimations, giving 
special weight to tlrose m which enough potash was added and the second heating 
was omitted This soil is from the Medical College Compound, Madras 

IX — 60 60 Yes No 0 08 - 20 


Sample IX is from a dry paddy field in Nungambaukam, Madras, three 
miles from the sea as the crow flies 


X 

— 

60 

60 

No 

No 

ous 


38 

XII 

XII 


60 

60 

60 

60 

No 

No 

No 

No 

none i 
? traced 

?002 

50 ? 

XIII 


60 

60 

No 

No 

none / 

? 0 02 

so ’ 

XIII 

— 

60 

60 

No 

No 

? trace ^ 


It IS not certain that samples XII and XIII contain any iodine but if any 
not more than 5 parts per ten millions 


XIV 

, — . 

60 

XIV 

— 

60 

XV 


60 

XV 

— 

60 

XVI 

— 

60 

XVII 

— 

60 

XVIII 


60 

XIX 

— 

60 

XX 

— 

60 

XXI 

— 

60 

XXII 

— 

60 

XXIII 

— 

60 

XXIV 

— 

60 

XXV 

— 

60 

XXVI 

— 

60 

XXVII 

— 

60 

XXVIII 

— 

60 

XXXVI 

— 

60 

XXXVIl 

— 

60 


60 

No 

No 

60 

Yes 

No 

60 

No 

No 

60 

No 

No 

60 

Yes 

No 

60 

No 

No 

60 

Yes 

No 

60 

Yes 

No 

60 

No 

No 

60 

No 

No 

60 

Yes 

No 

60 

Yes 

No 

60 

'll es 

No 

60 

Yes 

No 

60 

No 

No 

60 

Yes 

No 

60 

No 

No 

60 

No 

No 

60 

Yes 

No 


nnfi 

0 06 } ® 

IS 

none \ 
none^ 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

? trace 

^50 

none 

none 

0 03 

80 

? trace 

?S0 

none 

none 

0 08 

20 0 

none 

none 

0 03 

9 
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Results of analyses of sun, p, as of so, Is. sal, and ,oa,cr conccniralcs for ,od,„e 
coit^enf, received from Li -Co! R McCarnson~com ^ 


Number 

Description 

Iodine content 
parts per 

10 000,000 

XXV 

Soil 

4 

XXVI 

do 

6 

XXVII 

do 

less than 2 parts 

XXVIII 

‘Nimiki mitti' 

18 

XXIX 

Salt powdered by boiling a certain earth with water 

traces 

XXX 

Rock salt'*^ 

do 

XXXI 

Water concentrates 

do 

XXXII 

do do 

ml 

XXXVI 

Soil 

less than 2 parts 

XXXVII 

do 

11 it 5 ,, 

XXXVIII 

do 

4 

>» 1J ~ 

XXXIX 

do 

II » ^ r* 

XT 

do 

'I 

H 11 l» 

XU 

^ Nimiki mitti ' 

I ^ II 


♦These samples were analysed by a modification of Kendall's method (21) Sample XI 
contained some organic matter which was oxidized by bromine but on cooling a white cloud> 
precipitate settled which had to be filtered off 


THIRD METHOD 
(By R V Nor ns ) 

The estimation of iodine in organic matter and soils present considerable 
difficulties as, the amount present being as a rule very small, large quantities of 
material have to be employed ‘The destruction of the organic matter is essential, 
and to do this effectively without loss of iodine is one^ of the mam difficulties 
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Sample XXIX in view of tlie large amount of insoluble matter was also 
treated as a soil 30 8 grms were taken and evaporated and heated with 
54 ccms potash for 30 minutes, and then extracted as usual In view of tlie 
large amount of salt present only an aliquot part of the extract was taken for 
the liberation of iodine in one case 30|1(X3 in another 50|100 In neither case 
was any iodine found and the recovery of iodine added to the residue of the 
extract was good It is thought that 1 part in a million would have been detected 
by this method 

Experiments on the Washing out oe Iodine erom Soie 

Several experiments on washing soil with cold (Temp c 34 C ) water were 
made and estimating the iodine in the residue and filtrate separately In some 
'pf'.'^i^an insufficiency of potash was used and the yields are low, but they 
all indicate that the iodine present naturally in the soil cannot easily be washed 
out while iodine added to the soil in the form of KI can be washed out readily 

In each case 40 grms of soil were taken and washed with about 250 ccm 
water and the iodine estimated in botli the residual soil and m tlie water filtered 
off from it 


Soil 

Iodine added 

e 

1 

Iodine found 


rags 

j in filtrate 

m residue 

Total 

I 

0 ' 

0 03 

127 

130 

1 

03 

0 30 

155 

185 


Sixty ccm potash and 60 minutes heating, and no second heating were used 
in the above The figure 1 55 is perhaps too high 


boil 

Iodine added 
rags 

1 

Iodine found 

i 

in filtrate 

in residue 

Total 

M c c 

c 

0 

0 04 

0 04 

M C C 

03 

018 

0 02 

0 20 

M C C 

03 

0 25 

0 05 

0 30 



; 




• Twenty ccm potash anti 30 minutes heating in these three The first two 
»ere heated a second time but tlie last not From other experiments M C C 
soil IS honglit to contain 0 10 mg iodine per 40 grms soil The results are 
all low but tliey indicate that tlie same as the experiments with soil I 
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The apparatus used is shown m the diagram (Fig 2) which is self-explanatory 
The combustion was continued for about one hour by which time the residue is 
quite free from iodine The alkaline solution and the washings of the absorption 
vessel were transferred to a 100 ccm stoppered bottle and carefully neutralized 
with sulphuric acid The iodide present was o.^idized to fiee iodine by the addi- 
tion of a few drops of nitrososulphunc acid and the iodine taken up in 2 ccni of 
carbon tetiachloride The carbon tetrachloride solution was separated, washed 
with a very small quantity of distilled water and any acidity removed by the 
addition of 2 ccm of a concentrated sodium acetate solution If considered 
desirable the extraction can be repeated The iodine in solution was then deter- 
mined by titration with N|1270 sodium thiosulphate 



This method was found to give generally satisfactory results and if the 
iodine present in the soil exceeds about 25 parts per 10 millions the estimation 
can be carried out on 5 grms of soil For smaller iodine contents largci 
quantities of soil should be employed The method was tested out using soils 
with known amounts of added iodine 

The results obtained with Col McCarrison’s series of Indian soils are shown 
in table below In the case of soil containing less than 10 parts per 10 milhona 
the results are simply shown as ‘ less than ten ’ as when this series of analyse' 
was made the amount of soil that could be used wa<= limited by the small size 
of the silica tube available and figures below ten were not, in consequence 
regarded as significant 

I am indebted to Mr D A Rama Rao, a research student m my laboratory, 
who carried out the above analyses under my direction 
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Mr G Sankaran for his help in some of the latter ones, and to the South Indian 
Branch of the British Medical Association for a grant from which the salanes of 
my assistants were paid 


SECOND METHOD 
(By E Viswanath ) 

The method followed is essentially that of Kerens and his co-workers (20) 
and consists of low ignition with alkali until organic matter is destroyed, acidify- 
ing, liberating the iodine with ‘ nitrose,’ and estimating it volumetrically 


Details or the Method 

Pieparation of the samples — The sample of soil is well pounded and passed 
through 1 mm sieve and bottled up for analysis 50-gm portions are weighed 
into a nickel dish and' saturated with 8 per cent NaOH (purified by alcohol), 
dried on a water bath, and powdered fine in a porcelain mortar It is then re- 
transferred to the nickel dish and ignited by waving constantly a bunsen flame 
beneath it so that the dish is always well below dull red heat (Initial experi- 
ments on the temperature of ignition have indicated that at no time should the 
dish be heated to dull red heat A sample of soil heated to somewhere between 
filO^C and 715°C lost all its iodine On the other hand, even a full red heat 
IS not able to expel the last traces of iodine from a sample The best tempera- 
ture of Ignition seems to he somewhere in the vicinity of 400° C A much 
lower temperature fails to destroy all organic matter which is essential This is 
corroborated by the fact that in Kendall’s method ”tlie temperature of ignition ih 
that of molten sodium hydroxide, i e , 318°C ) The igmtion takes about half-an- 
hour The soil is then extracted with hot water The extract should be either 
colourless, or slightly straw-coloured if the ignition has been complete But 
more often than not, the extract is coloured deep brown But it is essential that 
It should be only slightly coloured if at all Therefore, tlie soil is extracted with 
about 200 to 250 cem of^ water, the extract evaporated and heated again in tlie 
same manner for another 10 minutes and then proceeded with 

' (Hercus and his co-workers seem to have generally obtained a clear extract 
after 15 minutes ignition In no case, however, did a half-an-hour ignition give 
us clear extracts It was only in the case of some sandy soils, that tins was 
realized In all other cases, the ignition was prolonged and very often had to 
be repeated on tlie evaporated extract In certain soils nch m iodine — as in 
samples I and II — extraction to the extent of 70 cem is far too small This 
IS particularly so if the extract happens to be coloured ) 

The Ignited residue is taken up with about 30 cem of water and neutralized 
with dilute sulphuric acid in an Erlenmeyer flask till it is slightly on the acid side 
It IS then filtered (the filtrate should be colourless, or at the most straw-coloured, 
othenvise, all the iodine is not liberated by ‘ nitrose ’ and the value obtained iv 
too low) and washed until '70 cem of filtrate are obtained 



Table I 

Shoimng the results of wdine estimations in Sods and the incidence of goitre 
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Results' of analyses of samples of sods, salt and wafei concent) ates fo) todtne- 
content, received from Lt -Col R McCamson 

lodine-content 


Number 

Description 

parts per 

I 

Soil 

10,000,000 

404 

n 

do 

428 

412 

262 

III 

do 

255 

261 

96 

IV 

do 

101 

107 

40 


/ 

50 

V 

do 

220 

VI 

do 

160 

40 

VII 

do 

40 

320 

villa 

Permanent Manunal plots ^No Manure’ 

320 

23 0 

IXa 

do do ' Cattle ’ 

45 0 

X 

Clay 

280 

XI 

Salt produced by evaporation of a certain spring water 

75 

XII 

Soil 

50 

XIII 

do 

30 

20 


- 

30 

xrv 

do 

50 

XV 

do 

40 

traces 

XVI 

do 

20 

XVII 

do 

less than 2 parts 

XVIII 


QO 

100 

XIX 

do 

30 

XX 


do 

30 

XXI 


do 

less than 2 parts 

xxn 

XXIII 

do 

ff ff ^ ff 


do 

99 ^ ft 

XXIV 

do 

99 ff 2 ^ 



Tablb II 

I 

Shozomg the results of iodine estimations in Salt cmd substitutes for salt and the incidence of goitre 
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A ^lajor Newcomb’s results, B "Mr Viswanath’s results, C Dr Norris’s results 

Percentages in column 4 represent incidence of goitre vt general population Only well-defined goitres included 
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The usual method employed [Kendall (21), Kelly and Husband (22), Pick- 
worth(23), etc], is to fuse the material with caustic soda, the destruction of 
organic matter bang assisted m some cases by the addition of potassium nitrate 
or'’ other oxidizing agents The ignited mass is extracted and after suitable 
steps to bring all the iodine present in the extract into the form of free iodine the 
latter is usually taken up in carbon disulphide or carbon tetrachloride and esti- 
mated either colonmetncally or by titration against very dilute thiosulphate 
McClendon (24) oxidises the organic matter in a somewhat different method, the 
matenal being mixed with lime and heated in a combustion tube in a stream of 
oxygen The volatile products are absorbed in alkali and worked up together 
with the washings from the residue m the combustion tube 

The above methods have been applied generally to body fluids, foodstuffs, 
etc, and but little work is on record relating to the estimation of iodine in 
soils(25) The difficulty in the latter is the large amount of inert material present 
_which increases the difficulty of destroying the organic matter present while the 
extraction of the residue left after ignition is also troublesome The largest 
senes of soil analyses is that given by Hercus, Benson and Carter (20) who gi\e 
figures obtained with some 400 New Zealand soils Their method consists in 
moistening the soil with 8 per cent sodium hydroxide, igniting at a low red heat 
for 15 minutes and extracting the iodide with boiling water The extract is 
neutralised, the iodide oxidized to free iodine by nitro-sulphuric acid, taken up m 
carbon disulphide and titrated with dilute sodium thiosulphate 

No figures for control soils with known amounts of added iodine are given 
by Carter in his paper 

In view of the simplicity of Carter’s method, it was decided to make a tnal 
of this in connexion with the present series of Indian soils Many Indian soils, 
however, contain high percentages of iron and in view of the known influence of 
iron m causing loss of iodine it was considered advisable in the first place to test 
out the method with soils nch in iron content and containing known amounts of 
added iodine 


In such cases very low results were invariably obtained by Carter’s method 
That this loss was due to the iron content of the soil would seem to be indicated 
by the fact that quartz sand gave accurate results whereas if the sand had 


previously been ignited with an iron salt and thus impregnated with oxide of iron 
liie results were again low It is probable that in such cases there is separation 
of free iodine at comparatively low temperature and consequent loss by volatili- 
sation It was therefore decided to carry out the ignition in a combustion tube 
and to absorb the products in alkali to fix any iodine To simplify the procedure 
no alkali was added to the soil, die object lieing to drive over the whole of the 
iodine into the absorption vessel and so obviate the necessity for washing the soil 
residue Preliminary experiments showed that this could be done with certainty 
provided the temperature was raised to about POO^C The combustion was con- 
sequently carried out in a nickel boat m a silica tube in a stream of oxygen the 
^ibustion tube being heated m a simple type of electric tube furnace to about 
r le gaseous products of the combustion carrying the iodine were 
absorbed in a tube containing about 15 cc of 15 per cent sodium hydroxide 
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, PART III. 

DISCUSSION 
(By McCatrison ) 

A Th:^ loMN^-CoNTiENT oif Soil, IN Ri;i,aT 40 n to Endemic Goitre 

The 35 samples of soil (Table I) range themselves into four groups accord- 
ing to the incidence of goitre in the places from which they were derived — 

(a) Those from localities in which endemic goitre is unknown (I, II, III, 

VIII, IX, Vlllfl, IXo, VIIIZi, IX&, XXXVIII, XXXIX and XL) 

(b) Those from localities in, or in the neighbourhood of; endemic zone^ 

m which endemic goitie did not occur (VI, VII, XIII and XIV) 

(c) Those from localities m the endemic zone in which the incidence of the 

disease was slight (XXIV and XXV) 

(d) Those from localities in the endeimc zone in which goitre and its 

sequelae (cretinism, etc ), prevailed with varying degrees of inten- 
sity (the remaining samples) 

(a) Iih the first group there are three soils (I, II and III), from a moun- 
tainous district (Nilgiri Hills), in which the iodine-content is very high, 100 to 
400 parts per 10 millions, four (VIII, IX, Villa and iXa), from sea-coast and 
sub-montane localities in whidi it is moderately high, 23 to 45 parts per 
10 millions, and five (XXXVIII, XXXIX, XL, VIII& and IXb), from a sea- 
coast district and the Bangalore plateau in which it is very low, less than 10 parti 
per 10 millions The first general observation is that in sea-coast, sub-montane 
and montane localities in India where endemic goitre is unknown tlie iodine- 
content of the soil may be very high, very low or moderate in amount The 
absence of endemic goitre from these localities is related to conditions other than 
the iodine-content of their soils 

The soils from the neighbourhood of Coonoor, 6, OCX) ft above sea-level, in 
the Nilgiri Hills (Madras), are particularly rich in iodine (Table I) , goitre as 
an endemic is unknown in this neighbourhood , that is to say, there is no evidence 
whatever of endemic goitre or of its sequelae (cretinism, deaf-mutism and idiocy) 
in the adult population But thyroid swelling is not uncommon in school-children 
In a recent examination of 1,305 school-children of European and mixed parentage, 
in this locality, I found ‘ inapient goitre,’ as defined by Hercus(20) and his 
colleagues,* in 24 1 per cent of girls and in 11 3 per cent of boys (607 girls and 
698 boys having been examined) Small but well-defined goitres, causing definite 
alteration in the normal contour of the neck, readily detected on inspection an 
palpation,’ (20) were present in 3 6 per cent of girls and in 0 57 per cent of boys 
The second general observation is that the richness of the soil m iodine does not 
preclude the presence in school-children, residing at an altitude of 6,000 feet a lOve 
sea-level, of detectable thyroid swelling, amounting in a minority of cases to 

* ‘Those in which a thickened isthmus could be clearly seen on deglutition, 

and distinctly felt as a thickened band lying across the trachea.’ 
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Results of analyses of samples of soil, lalt and water-concentrates for 

iodine-content 

Sample Number Nature of sample teI°m3hons ^fsaSe Remarks 


II 

ni 

IV 

V 

VI 

VII 

Vint and IXb 

-X- 

xn 

XIII 
XIV to XVII 
XVIII and XIX 
XX to XXVII 
XXVIII 
XXIX 
XXX 
XXXI 
XXXII 
XXXIII to XXXV 
XXXVI to XU 


Soil 

do 

do 

do 

do 

do 

do 

Bangalore Soil 
Clay 
Soil 
do 
do 
do 
do 
Salt 
do 
do 

Water concentrate 
do 
do 
Soil 



400 


300 


400 


30 


30 

less 

than 10 


10 


„ 10 


60 

91 

10 


10 

J> 

,, 10 


10 

99 

„ 10 

99 

„ 10 

99 

„ 10 

99 

„ 10 


trace 


ml 

Not estimated 

less 

than 10 


Soil rich in iron 


/ 


B RESULTS OF IODINE ESTIMATIONS IN SOILS, SALTS AND 

WATER-CONCENTRATES ■ and 

Tables I IlMd m" fflcthods just described are given m th< 


16 
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that the highest figure is nearest the truth then the soil of this village is definitely 
richer m iodine than the soils of the other eight villages situated on the same 
alluvial fan, and this circumstance may be held by some to account for the 
freedom of this village from goitre But the amount of iodine in the soil of 
Barmis is low , as low in fact as m the soils of otlier parts of the world, where 
‘goitre’ prevails, as in New Zealand(20) Thus — 



Incidence of goitre 
per cent 

Iodine in soil, 
parts per 10,000,000 

m 

North Otago 

1 

13 

Southland and Otago 

26*6 

13 

West Coast 

52 

12 

Taumaranui 

35 

14 


It would seem, therefore, to be improbable that an iodine-content of from 5 
to 15 parts per 10 millions in the soil of the Barmis village is in itself sufficient 
to account for the freedom-of this village from goitre, more especially as Table I 
affords an example (V) of a place where goitre prevailed although the amount 
of iodine m its soil was considerably higher than that of Bannis 

(c) In the thud gioup there are two soils (XXIV and XXV) from 
villages, situated in the heart of the endemic zone, but in which goitre is of very 
slight or slight prevalence, occurring only m females and in comparatively few 
of these In regard to the first the iodine-content of tlie soil is as low as m 
other parts of the Gilgit Agency where goitre prevails In regard to the second 
the iodine-content of the soil is approximately the same (4 to 8 parts per 
10 millions) as in the village of Miragram (XXXVII) (5 to 9 parts per 
10 millions), which is one of the most goitrous villages in Himalayan India(27) 
Both soils are poorer m iodine than that of Sanawar (V) where goitre prevailed 
The comparative freedom of these two places from goitre is not, therefore, due to 
the richness of their soils in iodine 

(d) The fourth group includes the remaining sixteen samples of soil, the 
seventeenth sample (X) — being clay used in the Chin Hills, Burma(28), as a 
local application for tlie cure of goitre — will be considered separately Fifteen 
of these soils are from selected villages m Chitral and Gilgit (Himalayas) m 
which goitre pievails with varying degrees of intensity and in which my original 
investigations of the disease were earned out (1902 to 1911) The two remaining 
samples (IV and V) are from Sanawar, Punjab (Himalayan foot-hills), where 
goitre had been endemic for many years (26) but which is now free from it, 
following, as already stated, the introduction of a new water-supply from the 
neighbouring Nation, Kasauli(ll) All the soils from Chitral and Gilgit arc 
very poor in iodine their iodine-content ranging from less than 2 parts to 9 parts 
per 10 nullions of soil In general, then, it may be said that m these two 
localities of Himalayan India endemjc goitre is commonly associated with a low 
iodine-content of the soil, but it is not always present in villages whose soils are 




B, McCaritson, C.Neivcoml), B TiswamtliSB Y, 'Noins, 231 


^ S 

C w C Jv *> 

p o rt a> p 0 ^ 

^ M OH-i Cl tn 

S u- 


d w«jd 
ctj o 

^Is-I I 

S C o 


^ <u j; B 

d bo ^ 

o o g 

^ C (U ?Jd 
w S bO w* w 
boti O*^ rt nj 

’— ' O P C d J> \ZS 

VI d > 5 >^ 

> 


H cn 
S (jy 

cSS 

•S“S 

XJ c ^ 

^ Cd ^ 
O P^M-t 

bo o 

3 

5 Ji C 
S o 

o cj 6 
O 


o o 

CO to 


o o o 


C\ M CO 


VO 04 CQ to CN 


lO to 
CO 

c 

rt 

rC 


lotoioiomiotoiototocvtoto 


CO lo VO to 00 

04 *— l 04 CN|Tt'VOir-^f— t‘^r-<lOrJ-'<d- 


d cT 

« d 

O 


> > 
G « 

q X 


c 

CJ 

<u 

*v 

*CJ 

cn 

cd 


tfi 

•5 

u 

u 

C3 

C3 



03 

cd 

C 

d 

a 

cd 

CO 

CO 

IV 

> 


I ^ 

6 c 


cd cd 
j::; 


t. o 

« »-t 

J>* ^ 


o 

t~i cd 

x:; >» 

to d 

CO rt 


ffl G Q ;g CO Q ^2; 

>KXK!xi>j; 3 tU 

1 ^ 


X 



238 


The Relation of Endemic GoiU e to Iodine 


for It Twenty-five years ago in Chitral the scarcity of salt in such villages 
was a complaint one often heard 

Table II shows the iodine-content of two (XXVIII and XLI) substitutes 
for salt — mimki imtti — used by the people of Hunza and Nagar, respectively (10) ^ 
The former contains 18 to 20 parts of iodine per 10 million parts of the matenal, 
the latter 5 to 6 parts These substitutes for salt have been in use from bme 
immemorial, and it would seem to be something more than mere coincidence 
that the people of Hunza who use the more lodine-rich matenal are free from 
goitre while the disease is becoming more pievalent m Nagar But the matter i-> 
not quite so simple as this, for until 35 years ago Nagar was as free from goitre 
as Hunza now is [I have described its appearance in the former place else- 
where(lO)] So that a mmiki mitH, containing 5 to 6 parts of iodine per 10 
million parts of the matenal, which may with some show of reason be credited 
with the prevention of goitre until 35 years ago, failed to prevent it under condi- 
tions of pollution of the main water-supply of this village 

In so far, then, as lodine-containing salt and substitutes for salt are con- 
cerned there is reason to believe tliat they exercise a disfavouring influence on the 
development of this type of endemic goitre, but in certain circumstances this 
influence may not suffice wholly to prevent its occurrence 

C Thp Iodinc- Content op Water in Reeation to Endemic Goitre 

The samples dealt with are five in number (Table III) They were selected 
with the object of settling certain specific points left in doubt by previous investi- 
gations — 

(a) Could the endemic occurrence of goitre in the Sanawar School, Punjab, 
be correlated with a low iodine-content of its water;;supply^ And 
was the disappearance of goitre from this school, following the 
introduction of a new water-supply from Kasauh, due to a greater 
lodme-content of the latter? 

(ft) Was the freedom from goitre of the village of Barmis (Gilgit Fan) 
related to the iodine-content of the spring water used by the 
villagers ? And 

(c) Was the incidence of goitre in the other eight villages of the Gilgit 
Fan (situated one above the other on the same water-supply) 
related to the poverty of this water in iodine^ 

(o) The Water-Supplies op Sanawar 

The history of goitre in this school has been fully dealt with in another 
place(26) (H) , here it is enough to say that the disease was shown to be due to 
the consumption of a grossly polluted water, that the substitution of a bacteno- 
logically pure water caused its complete disappearance, and that the new water 
contained less iodine than tlie old It is learned from this experience that a 
water which contains as much iodine as 300 parts per 100 billion parts of the 
dnnking-water (Table III) will not pre\ent goitre in the users of it when it is 
of a high degree of bacteriological impurity Whether or not the bacteriological 
impurity must be of a speafic nature to ensure this result is not definitely known , 



Tabi,e III 

Showing the results of iodine determinations in Water-concentrates and the incidence of goitre 
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A Major Newcombs results, B Mr Viswanath^s results, C Dr Norns^s results 

Percentages given m column 4 represent incidene of goitre in general population Only well-defined goitres included 



240 


The Relation of Endemic Goitre to Iodine. 


course to the villagers became contaminated neither from these fields nor by 
human nor animal excreta 

All nine villages have poverty of iodine in the soil as a common feature 
In regard to the eight on the mam water-channels there are no material 
differences (Table I) which would indicate that the soil of any one village was 
significantly poorer or richer in iodine than that of any other Two obsen'ers 
found slightly more iodine in the soil of Majinpharri than in tlie soils of the otlier 
villages, the third found no more iodine m this soil than m the others If we 
assume that the soil of this village did actually contam'more iodine than the others 
then Its greater richness m iodine did not lessen the incidence of goitre in the 
general population to any extent The significance of the appreciably greater 
iodine-content of the soil of the ninth village (Barmis) has already been dis- 
cussed It would seem, therefore, that tlie increasing incidence of goitre in the 
eight villages located on the mam water-supply of the Gilgit Fan was not related 
to the lodme-content of their soils 

Chemical analysis of the soils of tliese villages has failed to reveal any other 
chemical substance, which would have accounted for the increasing incidence of 
Goitre (Table V) The one possible factor which might have been suspected of 
such an influence was sulphate a gradual increase occurs m the sulphate-content 
of the soil from the highest village to the lowest But this appears to be of no 
significance, since the soil of Barmis, where goitre did not occur, was as 'rich in 
sulphate as that of Kashrote where the disease had its highest incidence 


Tabpp V 

Shozoing the chemical composition of the soils of the villages on the Gilgit Pan 


Barmis Basin 

Water (at 110°C) 0 751 0 945 

Loss on Ignition 2^8 1 54 

Organic matter 1 63 0 595 

Total insoluble matter 82 40 82 57 

Nitrogen (total) 0 114 0 148 

Alumina (AhOj) 982 5 63 

Ferric oxide (FcjO,) 3 37 3 80 

Lime (CaO) 2 55 123 

Magnesia (MgO) 0 61 2 09 

Potash (total) (K-.O) 0 927 0 679 

Phosphoric acid (PjOj) 0 018 0 039 

Sulphunc acid (SO,) 0 19 0 048 

Carbon„ dioxide (COj) 0 024 0172 


Kash- 

rote 

Um- 

pharis 

Damyal , 

Majni 

pharn 

Son>ar 

076 

100 

0 871 

14' 

3 50 

2 04 

315 

3 025 

496 

0 935 

128 

215 

215 

3 51 

2 57 

80 65 

85 63 

81 61 

78 78 

83 30 

0133 

0145 

0109 

1160 

01194 

633 

271 

7 07 

743 

619 

4 78 

469 

444 

3 78 

483 

2 656 

133 

2 59 

182 

162 

0 542 

195 

0 73 

222 

1 091 

0 716 

048 

0 972 

0642 

0626 

0 051 

0168 

0 032 

028 

0 098 

0 084 

0 08 

0 097 

0131 

0190 

2^2 

010 

0124 

127 

106 
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noticeable goitre , although goitre, as an endemic may be conspicuous by its absence 
m the general population The majority of such swellings (i e , the so-caUed 
‘mapient goitres’) are m the mam physiological and have, in this locahty, no 
title whatever to be classed as ‘ goitre ’ — a term which signifies thyroid disease , 
the minority are true goitres but they bear no relation to tiie lodme-content of 
the soil 

Three garden soils (XXXVIII, XXXIX and XL) from the neighbourhood 
of Madras city contained less than 5 parts of iodine per 10 millions parts of 
soil Goitre is unknown as an endemic in this neighbourhood, yet the poverty 
of the soil m iodine is as great as in some of the most goitrous regions of 
Himalayan India where the disease and its sequeja prevail with great intensity 
The neighbourhood under reference is, however, near the sea-coast, but proximity 
to the sea-coast does not preclude tlie occurrence of goitre though it may not 
be of the same type as that prevailing m mountainous regions, while the soils 
of a number of sea-coast localities m otlier parts of the world, where ‘ goitre ’ is 
endemic, have been found to contain considerably more iodine than these three 
soils of Madras It follows, therefore, that the poverty of iodine in the soil of 
this neighbourhood causes neither childhood goitre nor endemic goitre of either 
type 

(b) In the second gioiip there are four soils (VI, VII, XIII and XIV) all 
very important VI and VII are from Kasauh, 'Punjab (26), m whicli endemic 
goitre* in school-children is 2 2 per cent — a figure representing tlie usual incidence 
of childhood goitre in non-endemic'localities m India, and one which as independent 
of endemic influences The iodine-content of these two soils is approximately 
the same as that of two soils from the neighbouring hill of Sanawar (IV and V) 
where, until a few years ago, goitre was endemic (26) , it has now disappeared 
as a result of the substitution of the bacteriologically pure water-supply of Kasauh 
for the bacteriologically impure water-supply of Sanawar (11) Kasauh and 
Sanawar are about 3 miles apart It follows, therefore, that m the foot hills 
of Himalayan India two places adjacent to one another may have approximatelj 
the same iodine-content m their soils yet goitre be endemic in the one and not in 
f the other 


The other two soils in this group (XIII and XIV) are both from localities 
situated in tlie heart of the endemic zone in the Gilgit Agency In regard to the 
first (XIII) — that obtained from Hunza — the freedom of Hunza from goitre is 
certainly not related to the richness of its soil inuodme, since it contains less than 
5 parts per 10 millions or about the same amount as the soils of other places in the 
Gilgit Agency where endemic goitre prevails with great mtensity The second 
soil (XIV) IS from the village of Barmis on the Gilgit Fan (27) Goitre is not 
endemic in tins village, although it prevails m the other eight villages on this fan 
(vide vifra ) , the only cases of the disease met with being imported from outside 
villages The lodme-content of the soil of this village is variously estimated at 
rom 5 to 15 parts of iodine per 10-million parts of soil (Table I) Assuming 
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above the other on the same water-supply, the effluent from one tank flowing into 
the tank next below it in the series Gaylord recorded an incidence of goitre in 
the fish as follows — 


Water above the tanks 
in 1st tank 
2nd 
3rd 
4th 


99 

99 99 

99 99 

99 99 


99 

99 

99 


Fish goitre-free 
3 per cent goitrous 


8 

45 

84 


Marine provides similar figures , both observers finding that the water above 
the tanks was not goitre-producing, thus ‘ Fish which lived- in the racewaj 
above all houses and which had never been confined in the tanks maintain normal 
thyroids throughout their lives ’ (Marine) Now the type of goitre occurring in 
these fish was the same as that occurnng in the villagers of Gilgit a condition of 
sustained hypertrophy (or ‘ hyperplasia ' as it is sometimes called) of the thyroid 
gland And the causes which give rise to it, or rather the summation of causes, 
were of like order m both man and fish That these causes were related to the 
water-supply — ^the medium m which the fish lived — there can be no reasonable 
doubt It IS equally clear that whatever the causes of the goitre may have been 
it was not due to the absence of iodine from the water-supjply either of the trout 
or of the Gilgit villagers since fish living in the water above the tanks were 
goitre-free, and a water (XXXTI) which contained little or no iodine has been 
shown to have been capable of causing the complete disappearance of the disease 
We have seen that the goitre both in man and in trout was a compen- 
satory hypertrophy This in itself indicates that the gland must have been 
receiving enough iodine to enable its complete cycle of functional activity to take 
place, for as Williamson and Pearse(17) have pointed out it is not possible to 
conceive of a productive hypertrophy arising from the absence of an element 
(iodine) which is an essential constituent of the secretion to be produced by that 
hypertrophy Nevertheless, it is conceivable that this type of goitre may be 
related in its origin to a deficiency of iodine relative to the needs of the body for 
the gland’s lodine-containing secretion It is not that the thyroid gland has not 
enough iodine for all normal needs but that it requires more for abnormal need' 
-It is these abnormal needs which provide the stimulus causing the gland’s hyper- 
trophy and which constitute the essential cause of this type of goitre These 
needs are engendered in trout by their conditions of life in unhygienic tanks or 
ponds, and in man by his conditions of life in unhygienic villages In the trout 
the severity of the disease ‘ is quantitatively related to the general hygienic condi- 
tions prevailing, and to the food, water-supply, and degree of crowding ’ (Manne) 
In the Gilgit villagers it is the summation of factors of a like order which deter- 
mines the severity of the endemic In such circumstances the removal of ‘ the 
last straw’ enafiles the overburdened thyroid to regain a more normal poise, but 
the straw removed need not always be the same straw It may be one represented 
by the bacteriological impunty of the -water or one represented by a particular 
ingredient of the food or by some other factor This truth is exemplified by the 
disappearance of goitre from the Royal Military School, Sanawar, consequent on 
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as poor m iodine as those of other villages in which the endemic prevails , nor 
does the incidence of goitre in the latter villages appear to be in inverse ratio 
to the amount of lodme m their soils 

The sixteenth sample, from Sanawar (V), provides an example of a soil 
having a considerably higher iodine-content than any of the others m tins group 
Yet so potent were endemic influences in Sanawar a few years ago that 8 years 
residence there resulted in 80 per cent of the school-children becoming 
goitrous (26) 

From tire foregoing facts it would appear tliat while the type of goitre with 
whicli we are dealing is prone to be associated with a low lodme-content of the 
soil, this does not in itself determine, so far as Himalayan India is concerned 
the presence of the disease nor control its incidence This control is exercised 
by other influences which are not related to the lodme-content of tlie soil 

B The Iodine-Content oe Salt in Reeation to Endemic Goitre 

Table II gives the results of lodine-estimations of five samples of salt or of 
substitutes for salt used in various places where goitre is endemic The possible 
influence of these in piciuenfmg goitre has now to be considered Sample XI 
IS of peculiar interest This ‘ salt ’ is made by tlie evaporation bf the water of 
the Nat-ye-Chaung spring, in the Chin Hills, Burma I have referred to it on 
another occasion (28) but at that time I was not aware of the large amount of 
iodine it contains (70 to 75 parts per 10 million parts of the salt) This salt has 
a high local repute for the cure of goitre With it the people use the day from 
the banks of the stream as a local application to their goitres The clay (Table I, 
sample X) contains from 28 to 38 parts of iodine per 10 millions 
Dr Rodnguez, Civil Surgeon, Chin Hills, noted (1913) the very interesting fact 
that though goitre was common in most villages in the Chin Hills there wa= 
‘ an area in which were some half-dozen villages, all within a radius of five miles, 
absolutely free from goitre Further inquiry led (him) to a spring (the Nat-ye- 
Chaung) from which these villages made their “ salt ” by evaporation of the spring 
water Of course the quantity was small and they had to supplement their require- 
ments with the salt imported from Burma ’(28) It would seem reasonable to 
suppose that the use of the salt, made from the water of this spring, contributed 
to the freedom of these villages from goitre, although there may also have been 

other causes of their immunity of no less importance than the iodine-containing 
salt 

Practically the only imported food material used by the general population of 
Gilgit IS ‘ rock salt ' which, as seen from Table II, contains only traces of iodine 
or less than 2 parts per 10 millions Traces of iodine ’ in salt have somebmes 
been credited with the prevention of goitre as, for instance, in the Canton of Vaud 
but the traces in the rock-salt in common use in Gilgit did not suffice to do so 
Nevertheless, this salt may have had some eflFect in causing the lesser incidence of 
ncher than m the poorer classes, since the poor commonly find 
1 difficult to secure a sufficiency of this essential ingredient of the food, and in 
le more remote parts of Himalayan India they have often to resort to substitutes 



244 


The RelaUon of Endemic GoiUeio Iodine. 

IS of exceptional purity and well protected, and in the latter the amount of iodine 
in the soil is high In ICasauli I had no difficulty m producing goitre in experi- 
mental animals by confining them in dirty wooden cages, but in Coonoor I have 
only succeeded in doing so by adding to the food of the animals some ingredient, 
such as an excess of butter, which imposes an additional burden on the gland 
In Kasauh it required the most scrupulous cleanliness to prevent the disease, in 
Coonoor much less care was needed, although the effects on the gland of unhygienic 
conditions of life were evidenced by a general increase in its size amounting in 
one experiment to over 50 per cent It is concluded, therefore, that the adeno- 
parenchymatous type of endemic goitre is less likely to arise in localities where 
the soil and water-supply are rich in iodine than in those where they are poor in 
iodine In the latter I have prevented the disease arising under experimental 
conditions in animals by the additional provision of iodine in their food (33) 
the provision of more iodine easing in some way the strain put upon the thyroid 
gland by the peculiar conditions of -life under which this type of goitre arises 
At the present time there are those who find in lodine-deficiency an all- 
sufficient explanation of ‘ goitre,’ forgetful, perhaps of the variety of its types , 
others who will have nothing to do with this view forgetting that the functional 
perfection of the thyroid gland — its initiation and its maintenance — is dependent, 
amongst other things, on the adequate provision of iodine for every eventual- 
ity (33) Iodine IS in a sense the lubneant of the thyroid engine, though it is 
more than this since it is an essential component of thyroxine, and, it would 
seem that the more work the thyroid engine has to do the more lubricant, within 
limits. It needs But overwork of the thyroid engine — and it is with this aspect 
of its activities that we are here concerned — is not merely a matter of lubrication, 
but of its capacity as a machine, its physiological efficiency, its state of nutrition, 
the state of the gastro-intestmal tract (governing its nutntion and the supply 
to it of the ingredients — not iodine alone — from which it elaborates its products), 
its nervous control, the nature of the work it is called upon to perform and the 
impediments, intnnsic and extrinsic to the gland, tliat are placed in the way of its 
performance In the study of the ‘ goitres ’ all these things have to be taken 
into consideration no less in regard to the endemic goitres than in regard to those 
that are sporadic For there can be no doubt that when we argue about the 
‘causation of goitre’ we are not always arguing about the same disease, nor 
that the constellation of causes which may give nse to one type of thyroid change 
IS necessarily always the same in every part of the world nor the progress of this 
change always the same in every locality 


SUMMARY 

(1) The investigations dealt with in this paper relate only to the classical 
or adeno-parenchymatous type of endemic goitre 

(2) In sea-coast, sub-montane and montane localities (ex Himalayan 
India) where endemic goitre is unknown, the iodine-content of the soil may be 
low moderate m amount, or high The freedom of these localities from goitre is 
related to conditions other than the iodine-content of their soils 
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but animal experimentation has thrown strong suspicion on intestinal bacteria, 
especially intestinal anaerobes (29) 

Recently (1926) Keith (36) has reported that the incidence of goitre in the 
Pemberton valley, B C is 80 per cent although the drinking-water contains 
103 paits of iodine per million, whereas there is only 8 per cent of goitre in 
Vancouver where the drinking-water contains no detectable iodine 


(&) (c) The; Vii,i,age;s op the; Gilgit Fan 


My original account of the epidemiological survey of endemic goitre in 
these villages was published in 1906(27) It has since been widely quoted m the 
literature, sometimes accurately more often inaccurately It is necessary briefly 
to refer to it here There are nine villages on this fan, eight being situated one 
above the other on the main water-supply, the ninth is provided with its own 
supply Goitre is prevalent in the first eight villages, it does not prevail with 
equal intensity in all, but shows an increase in incidence from that highest to that 
lowest on the water-supply ^ 

TabIvS IV 


Slioiving the incidence of goitie in the villages of the Gilgit Ban 


Sample 

Number 

1 

1 

Village 

Popu- 

lation 

j 

Number 

of 

houses 

Number of 
houses 
having 
goitrous 
inhabit- 
ants 

u 

1 

1 

1 

1 Per cent 
of houses 
; having 
goitrous 
inliabit- 
ants 1 

Per cent 
of goit- 
rous per 
sons in 
houses ' 
having 
goitrous I 
inhabit- 
ants 

! 

Per cent 
of total 
population 
goitrous 

XVI 1 

t 

(1) Basm 

93 ' 

15 

1 

9 ! 

60 1 

1 

21 2 1 

11 8 

XVII 

(2) Umphans 

385 

66 

42 

63 6 

28 3 

20 

XIX 

(3) Damyal 

181 

30 

20 

66 6 

30 3 

18 8 

XVIII 

(4) Majinpharri 

718 

108 

68 

63 2 

24 2 

20 

— 

(S» 6) Kyk 

229 

33 

23 

71 5 

30 

26 9 

XX 

(7) Sonyar 

458 

63 

52 

82 5 

30 

24 5 

XV 

(8) Kashrote 

128 

24 

I 21 

87 

36 

45 6 


The increasing incidence of the disease was confined to persons over the 
age of 15 years, so much so that had children under this age been removed from 
the calculation it would have appeared more regular and striking It was 
correlated by me witli the increasing impurity of the water in the open channels 
Mhich acted not only as conduits' of drinking-water but as irrigation-channels 


(Barmis) situated at the ‘handle’ of the fan, was goitre 
olf I water-supply from a spring of exceptional purity, si 

ocated with respect to tlie village and to its irrigated fields that the water in it 
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and water concentrates for our lodine-determinations Without their help the 
work could not have been done 


( 1 ) 


( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 

(7) 

( 8 ) 

(9) 

( 10 ) 

( 11 ) 

( 12 ) 

(13) 

(14) 

(15) 

(16) 
(17) 


(18) 

(19) 

( 20 ) 

( 21 ) 

( 22 ) 

(23) 

(24) 

(25) 

(26) 

(27) 

(28) 

(29) 

(30) 

(31) 


(32) 

(33) 

(34) 

(35) 

(36) 


McCarrison (1908-09) 
(1909) 
(1910-11) 

McCarrtson (1914) 
McCarrtson (1916) 

Gayi^ord and Marsh (1912) 
McCarrison (1917) 

DE QimrvAiN (1922) 

Marine and L^^nhart 
(1910) 

McCarrison (1908) 

McCarrison (1914) 
McCarrison (1913) 
McCarrison (1927) 
McCarrison (1906) 
McCarrison (1912) 

Mayo and PivUmmKR (1926) 
UviN (1921) 

Olin (1924) 

WiiviyiAMSON and P^rs^ 
(1926) 

(1925) 

Plumm^:r (1921) 
McCarrison ( 1 926 ) 

H^rcus, Benson and Carter 
(1924) 

KendaIvE (1920) 

Keely and Husband (1924) 
PiCKWORTH (1925) 
McCeendon (1924) 

V FeeeenbErg (1925) 
McCarrison (1914) 
McCarrison (1906) 
McCarrison (1915) 
McCarrison (1914) 
McClendon and Hathaway 
(1924) 

M ari n e and Len hart 

(1911) 

(1914) 

Keith (1924) 

McCarrison (1923) 

CrieE (1926) 

GruTzner (1914) 

Keith (1926) 
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The water-supply of the Barmis village contained 1,200 parts of iodine per 
100 billion parts of drinking-water (0 12 parts per 10 millions) (Table III) , 
a circumstance which may have been concerned m the freedom of this village 
from goitre, since the amount of iodine in the water is of the same order of magni- 
tude as that in waters derived from lodine-nch localities m the United States of 
America (McClendon and Hathaway) (30) While admitting that the higher 
lodme-content of both the water and the soil of this village is significant and mav 
have been m some part responsible for its freedom from goitre, yet I have 
evidence that the bacteriological purity of its water-supply was probably a factor 
of no less importance I have recounted m another place my expenments on 
young men designed to produce goitre by means of the ingestion of the suspended 
matter removed by filtration from the mam water-supply of the Gilgit villages 
at Its exit from the last one, Kashrote(l) (10) These expenments were con- 
ducted under conditions of the most rigid military discipline, the men (with 
their controls) being encamped in the neighbourhood of the village of Barmis 
and supplied with water from the Barmis spring for dnnknng, culinary and other 
purposes The use of this water did not prevent 10 out of 36 of these young men 
(including myself) developing well-marked enlargement of the thyroid gland nor 
5 others from showing swellings of the organ of a transitory nature, while 
31 who consumed the same suspended matter in the same amounts after it had 
been boiled showed no swelling of the gland It is obvious that this water, although 
it contained 1,200 parts of iodine per 100 billion parts of water, failed to prevent 
thyroid hypertrophy in 41 per cent of young men, aged between 18 and 22 years, 
when they consumed daily large quantities of the unboiled suspended matter from 
the goitre-producing water of Kashrote I consider, therefore, that the freedom 
of the Barmis spring-water from pollution was an important factor determining 
the freedom of this village from goitre This experience emphasizes a point of 
fundamental importance in regard to the type of endemic goitre with which we 
are dealing the disease in certain circumstances can arise despite the presence 
in the dnnking-water of considerable amounts of iodine 

Major Newcomb is doubtful whether the water of the other eight villages, 
at its source, contains any iodine, ‘ but if any then not more than 0 2 parts per 
Diillion parts of the water concentrate ’ or 600 parts per 100 billion parts of the 
dnnknng- water (Table I) It was unfortunate that the difficulties of pro- 
curing samples of water-concentrates from these inaccessible places were sj 
great and that such large amounts of water have to be concentrated in order to 
detect small amounts of iodine, for we are left still m doubt as to the actual 
iodine-content of this water at its source, and in doubt also as to whetlier it loses 
iodine on its way down from the highest to the lowest village on the Fan, although 
Ills results suggest that it may do so It seems certain, however, that this water 
at Its source contained little iodine, but this does not in itself render a water 
goitrc-producing since sample XXXII, which also contained little or no iodine 
caused the disappearance of goitre from Sanawar 


Following the publication of my onginal account of goitre in these villages. 
Marine and Lent, art (1910)(3I) and Gaylord (1912)(4) recorded precfelJ 
similar obserr-ahons in amficially-bred trout living in tanks or ponds situLd one 
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In woiking with diets deficient in vitamins I have hitherto noted a general 
tendency to diminution in size of the thyroid gland as a result of the dietary 
deficiencies,(4) (5) (6) as for instance, in pigeons fed on polished nee, or on 
autoclaved rice with or without the addition of butter or of onions or of both, 
and in monkeys fed exclusively on rice diets or on mixed diets the vitamin-B- 
value of which had been reduced by autoclaving But in looking through niy 
records of over 2,000 animals fed on deficient diets of various kinds I find occa- 
sional exceptions to this rule one diet composed entirely of rice obtained from 
the neighbourhood of the Chin Hills in Burma (where goitre is endemic) and 
another, composed entirely of American white-flour, were associated with thyroid 
enlargements sufficiently often to make this association significant Another 
exception was provided by guinea-pigs fed on crushed oats and autoclaved 
milk (4) This diet caused marked ,thyroid enlargement of a congestive kind , 
its chief faults were deficiency of vitamm-C, of vegetable salts and of roughage 
But although there is a general tendency to diminution in size of the thyroid 
gland in animals fed on the deficient diets referred to, the small-sized organ i-i 
commonly of the ‘actively secreting type ’(5) (7) showing heightened epithelium, 
depletion of the gland’s store of colloid material and vesiculation of the epithelial 
columns by secretion proper a condition of affairs in sharp contrast to that 
brought about by starvation, wherein the epithelium of the acolloid thyroid shows 
no signs of increased secretory activity (8) These changes appear to represent 
a response on the part of the gland to some metabolic need or stimulus, but they 
are by no means so constant a consequence of vitamm-deficiency, nor do they 
result in thyroid enlargement (goitre) so often, as to justify the ^.oncluslon that 
the vitamin-deficiency is the sole factor concerned in the production of the 
goitres which occasionally result in animals fed on foods having this defect 

In view of the comparatively wide prevalence of ‘ simple goitre ’ amongst 
white-flour-eating peoples and of the prominence which has of late years been 
given to lodme-deficiency as its sole cause and to lodine-prophylaxis as the only 
means of its prevention, it was thought desirable to ascertain whether diets into 
which white-flour entered largely, and from which green vegetables and fruit were 
excluded, could give rise to, or favour the development of, ‘ goitre ’ in animals 
receiving iodine in adequate amounts and living under conditions of the strictest 
hygiene 


De^taii^ 0? THk Experiment 

Sixteen groups of young rats from non-goitrous stock, six animals in each 
group, were "selected for this work , males and females being as far as possible 
equally distributed in each group and the age of the animals being approximate y 
the same (30 to 60 days) Their initial weights ranged from 30 to 67 grammes 
Each animal was confined in a separate cage so constructed as to render hygien'c 
conditions of life as perfect as possible The cages were provided with netted- 
wire bottoms of fine mesh through which the excreta fell into zinc trays below 
Durmg feeding-time clean trays were passed into slots above the netted-wire 
bottoms of the cages so as to prevent loss of food, at the same time attendants 
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the substitution of a pure for an impure water-supply although the new supply 
contained less iodine than the old (11) Clearly, in this case, the essential or 
exciting cause of the disease was not want of iodine in the dnnkmg-water but 
the constant ingestion with/the polluted water of bacterial agents or their products 
Similarly, so small a change m the constitution of the food as the substitution of 
skimmed nulk for whole milk, although the latter contains more iodine than the 
former, has sufficed to prevent the congenital manifestations of this type of 
endemic goitre in pigs (32) , the reason being the reduction in the intake of fats 
and the relief alTorded to the thyroid gland which is thereby brought about 

Goitre may be caused to disappear by still other means Marine and 
Lenhart(7) brought about its disappearance in artificially reared trout by the 
addition of small amounts of iodine to the water in which the fish lived This result 
has been erroneously interpreted to mean that the cause of the disease was the 
initial poverty of the water in iodine(34), whereas it has been clearly shown 
that any poverty in iodine which may have existed did not suffice to cause the 
disease m fish living in the water outside the tanks As well might the goitre 
be attributed to a deficiency of perchloride of mercury in the water since Gaylord 
has found the addition of minute traces of this substance to be equally effective 
m preventing and curing the disease (4) The prevention of goitre by these means 
does not indicate that poverty either of iodine or of mercury in the water is the 
essential cause of the disease but it does appear to indicate that the additional 
provision of iodine enables the thyroid gland to satisfy more easily the demands 
made upon it when fish are living in unhygienic surroundings , and, that the addi- 
tion of perchlonde of mercury to the water lessens these demands by limiting the 
growth of bacteria and the production of their toxins both in the tanks and in the 
intestinal tract of the fish It is remarkable how little attention has been paid 
m the literature to Gaylord’s important observation, the tendency ever being to 
extol the influence of iodine as a preventative and of its want as a cause of the 
disease, thereby minimizing the importance of other factors in its causation, and 
limiting the whole question of its aetiology to a too narrow field 

It has been shown that the essential cause of goitre in the villagers of Gilgit 
was not the poverty of the soil in iodine It is, I think, equally clear that its 
essential cause was not the poverty of the drinking-water in iodine, but the 
unhygienic conditions of life in tlie villages Among these conditions bacterio- 
logical impunty of the drinking-water was the chief, since the massive ingestion 
of the unboiled suspended matter in this water caused the disease under expen- 
mental conditions in man, despite the use of a dnnkmg-water which contained 
1,200 parts of iodine per 100 billion parts of water But I now realize that 
bactenological impunty of the water-supply may not per sc suffice to cause this 
t)q)e of endemic goitre unless the impurity be of a specific kind, which is yet 
unproven, or unless the amount of iodine ingested with the food and water be 
relatively small, or the amount of harmful bacteria and their products ingested 
he relatively large This conclusion has been impressed upon me by noting the 
differences in my expenmental results in tivo localities— Kasauli and Coonoor— 
the one poor m iodine the other rich m it (Table I) In neither place is endemic 
goitre prevalent, for the reason, apparently, that m the former the water-supply 
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(3) The ndiness of a soil m iodine does not preclude the presence of 
thyroid swellings (mostly so-called ‘ incipient goitres ’) in 27 7 per cent of girls 
and in 11 8 per cent of boys living at an altitude of 6,000 ft above ^ea-level and 
m a place where endemic goitre is conspicuous by its absence in the general 
population 

(4) In Himalayan regions where the adeno-parenchymatous type of goitre 
is endemic the iodine-content of the soil is in general very low , but the disease is 
not always endemic in villages whose soils are as poor in iodine as those of other 
villages in which the endemic prevails^ 

(5) The investigation has provided no evidence that m Himalayan India 
the incidence of endemic goitre is in inverse ratio to the iodine-content of the 
soil In the heart of the endemic zone, as well as in the Himalayan foot-hills, 
two places adjacent to one another may have approximately the same amount of 
iodine in their soils yet goitre be endemic m the one and not in the other, or, 
the soils of two villages situated on the same water-supply may be equally poor 
in iodine yet goitre be four times as prevalent in the one as in the other 

(6) The water-supply of a given place may contain an appieciable amount 
of iodine and yet goitre be endemic therein, the water-supply of another may 
contain less iodine and yet goitre may not be endemic therein 

(7) Dnnking-water containing 300 parts of iodine per 100 billion parts of 
water has not prevented endemic goitre in the presence of a high degree of 
bacteriological impurity of the water , nor has the consumption of a drinking- 
water containing 1,200 parts of iodine per 100 billion parts of the water prevented 
the development, under experimental conditions, of this disease in young men 
who consumed large amounts of the suspended matter removed by filtration from 
a grossly-polluted, goitre-producmg water 

(8) The substitution of a bactenologically pure for a bactenologically 
impure water has caused the rapid disappearance of the endemic although the new 
water-supply contained less iodine than the old The bacteriological impurity 
of the water-supply was the essential cause of the disease 

(9) Although the lodme-content of the soil and water is not in itself the 
essential cause of this type of endemic goitre in Himalayan India, yet the disease 
IS less likely to arise under experimental conditions in lodine-rich localities in 
Southern India than m lodine-poor localities in Himalayan India 

(10) lodine-containmg salt or substitutes for salt appear to have an influence 
in preventing this type of endemic goitre But in certain circumstances their 
use does not prevent it 

(11) The essential cause ot this type of endemic goitre m Himalayan India 
IS the unhygienic conditions of life of the people Among these conditions bac- 
tenological impunty of their drinking-water and of their surroundings is the 
chief A deficiency of iodine relative to these conditions of life is favourable to 
the de\elopment of tlie disease 

Acknozdcdgcmcnis —Our thanks are due to Major F Stevenson, i m s 
. gency Surgeon in Gilgit, and to late Lieutenant M P Pai, i m s , Civil Surgeon 
in Chitral, for the trouble they ha^e taken m providing us with samples of soil 
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Introduction 

1'hE goitres hitherto produced by me under experimental conditions in 
ammals(l) (pigeons, rats and goats) have been of three types the hypertrophic 
the hyperplastic and the colloid The first may arise in animals living under 
unhygienic conditions of life in lodme-poor localities, it arises also m animals 
receiving massive doses of faecal bacteria in admixture with their food, congenital 
goitre and cretinism being thereby produced in their offspring The second may 
arise m animals receiving an excess of fats or of fatty acids m an otherwise 
well-balanced diet (2) The third has not been produced in typical form as seen 
m man, but a condition simulating it in pathological features has resulted m 
animals from the excessive ingestion of lime in an otherwise well-balanced 
food (3) With the possible exception of those caused by the administration of 
cultures of fsecal bactena the goitres produced m these ways are preventable by 
increasing the intake of iodine proportionately to the unhygienic conditions of 
life of the animals or to the excess of fats or of lime m their food 

The present paper deals with the experimental production of a form of 
goitre which conforms to none of these types, which has distinctive Ktiological 
and pathological features, and is unrelated in its origin, to the iodine ingested 
Its histological features are those of an intense secretory hypertrophy approach- 
ing that seen in Primary Graves’s Disease It has been produced in young rats by 
means of diets containing 60 per cent or more of American white flour, 20 per 
cent or less of protein, fats and salts (including iodine) in adequate amounts but 
no green %egetable foods nor fruit, that is to say by diets of which a principal 
fault is an insufficiency of vitamins of the A, B and C classes 

C '24-7 ) 
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went from cage to cage removing any excreta passed The cages were washed 
wth antiseptic lotion daily and ere sterilized in boiling water at regular intervals 
in a specially constructed apparatus (These precautions are absolutely essential 
in all experimental work on goitre m order that the factor of dirt may be 
excluded, this factor being of itself prone to cause thyroid changes, sometime': 
amounting to actual goitre, especially if the lodine-mtake of the animals be 
low(l) (7) (10) ) At night the animals were bedded m sterilized cotton waste 
Each was given a known quantity of its particular diet daily, the balance not 
eaten being weighed and the daily food consumption by each animal recorded 
(Table I) Distilled water was provided for drinking and washing purposes 
Each animal was weighed weekly and the weights charted Clinical notes of any 
symptoms shown by them were kept, and a complete post-mortem examination 
of each was made at the end of the experiment so as to ascertain the cause of 
death In animals dying before the end of the experiment post-mortem examina- 
tion was made as soon as possible after death in order to limit the autolytic 
changes to which the thyroid gland is so liable To estimate the extent of any 
such changes a number of healthy well-fed young rats, of the same age as the 
experimental animals, were killed, their thyroid glands removed at 2, 4, 6, 8, 12, 
24 and 36 hours after death, fixed, embedded, sectioned and stained by the same 
processes as those adopted m the study of the goitrous organs In none of the 
experimental animals was post-mortem examination delayed for longer than 
12 hours, in very few for so long The animals surviving to the end of the 
experiment were killed and their thyroids removed and fixed immediately The 
diagnosis of ‘ goitre ’ was made on macroscopical characters and subsequently 
confirmed microscopically A number of non-goitrous thyroids were also 
examined for purposes of comparison with the goitrous, and in order to detect 
the earliest signs of the gland’s departure from normal Details regarding each 
animal are given in Table I 


Thc Experimentai, Diets 

The materials used in the preparation of the experimental diets were 
American white-flour, purified starch, olive oil, ' meat-residue ’ and ‘ salt-mixture ’ 
The white-flour was obtained from the local market, the starch from a firm of 
manufacturing chemists, the olive oil was Crosse and Blaclrwell’s ‘ Eucca oil’, 
the cod-Iiver oil was Allen and Hanbury’s, and the yeast was dried brewer’s 
The ‘ salt-mixture ’ was made up as follows — calcium lactate, 39 grms , calcium 
phosphate, 16 2 grms , potassium phosphate, 28 62 grms , iron citrate, 3 54 grms , 
sodium chloride, 5 19 grms , magnesium sulphate, 7 98 grms , sodium phosphate’ 
lU 41 grms , and potassium iodide, 0 5 grms (McCollum and Davies) (11) The 
meat-residue’ was prepared by a metliod descnbed elsewhere(12) The per- 
cent^e composition of the diets is given in Table II Table I shows the daily 

° V potassium 

odide ingtet^ These Tables also show the number of cases of goitre resulting 

tam ,I.e d,fferc„. d.ets, „h.,e the effect of fte d.ets on grotvtl ,s shown m 
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TabivI^ XI 

Sltoimng the percentage composition of the CAperimental diets and the incidence 

of goitre 


Class 

of 

Diet 

Group 
Number 
of DiCl 

Number 
of am- ' 
mals m 
group 

Ame 

ncan 

while- 

flour 

Olive 

Olh 

Salt- 

mix- 

ture 

Meat 

resi 

due 

Starch 

Cod- 

hver 

Oil 

Dried 

yeast 

Number 
of am 
mals 
goitrous 




I 

6 








1 

Control 













Diet 



II 

6 

92 

8 






3 




III 

d 

95 


5 





2 




IV 

6 

S7 

8 

5 
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A 















V 

6 

82 

8 

5 

5 




3 




VI 

6 

77 

8 

5 

10 




2 




. VII 

6 

7? 

8 

5 

15 



1 

1 

1 
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1 VIII 

6 

60 


5 

1 

20 




0 i 
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IX 

6 

ro 

10 

1 

5 

20 

10 



0 ^ 




i X 

6 

40 

■ 

5 

20 

20 
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XI 

6 

30 

H 

5 

20 

30 



1 
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XII 

6 

20 

D 

S 

20 

40 
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XIII 

6 

10 

n 

S 

20 

SO 



3 




XIV 
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10 

5 

20 

" 60 



4 




' XV 

6 




20 

60 



2 




XVI 

6 
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20 

60 

2 

5 ■ 

0 

Control 













Diet 


InfbubncB of the Experimentae Diets in Causing Goitre 
There were 25 cases of thyroid enlargement among the 96 animals a ca^e 
incidence of 26 per cent 

The various diets range themselves into three classes according to their 
influence in causing goitre — 

(a) Those on which the white-flour-content is greater than 60 per cent and 
the protein-content less than 20 per cent, fats and salts being 
adequate (11 tc VII) 








R. BlcCai ) ison 


251 



258 


Ooitie Unrelated in its Ongin to Iodine 


'therefore, reached that the pathogenesis of tins type of goitre was independent 
of the amount of iodine ingested with the food 

' Sex-Incidpncc of Tnp Goitrp 

Of the 96 animals used in this experiment 42 were males and 54 females 
There were 9 cases of goitre m males, 16 in females , a case incidence of 21 4 per 
cent in males and 29 6 per cent in females Taking into account only tlie goitre- 
producing diets (V, VI, VII and XI) which ensured fair growth in the young 
rats consuming them, there were 24 ammals to be considered Of these 13 were 
males and 11 were females Goitre occurred in one male only, while 6 females 
were affected by it a case incidence of 7 7 per cent in males and 54 5 per cent in 
females Although the figures are small yet this difference in sex-incidence appears 
to be sufficiently marked to justify the conclusion that females are more 
likely to suffer from this type of goitre than males a significant conclusion in 
vie,w of the probable relationship of this type of thyroid change to Graves’s 
Disease and Myxoedema (vide infra), and of the higher incidence of these con- 
ditions m the female sex (8) 

Pathology or the Goitre 

, Macroscopically the goitres are of glistening, fleshy appearance, bright or 
darkish red in colour , they stand out prominently against the surrounding tissues 
They are of small size, being fiom 50 to 100 per cent ,arger than the normal 
organ The isthmus is usually prominent, thickened and broadened Commonly 
one lobe is more enlarged than the other , occasionally the enlargement is unilateral 

Microscopically the eailiest evidence of change is seen in glands which arc 
not appreciably enlarged but which appear bright coloured at post-mortem examina- 
tion More or less circumscribed areas (Plate XXVI, fig 2) — commonly iin the 
isthmus, the posterior border and the lower pole of one or other lobe — are seen to be 
depleted of colloid material or to be in process of depletion The affected area 
assumes a cellular structure composed of a more or less solid mass of epithelium 
This mass — the so-called inten esicular parenchyma — increases in bulk at the 
expense of the colloid-containmg follicles appearing gradually to invade them and 
to crowd them but, some of these follicles contain larger or smaller numbers of 
free cells Here and there the solid mass of epithelium is vesiculated by the 
collection among the cells of pools of new secretion (not colloid) (8) The cells 
subtending these pools present the typical features of secretory activity 
(Plate XXVII, figs 6 and 7) rather deeply staining nuclei located at their base, 
and faintly basophil and granular cjToplasm Passing from such non-goitrous 
glands to specimens of the actual goitres, one sees the more extensive crowding out 
of colloid-contaming follicles (Plates XXVI and XXV^, figs 3, 4 and 7) until in 
some sections there may be but two or three and occasionally none at all Such 
colloid-containing follicles as exist are of normal appearance, the colloid deeply 
eosinophil, the acinar cells flattened or more commonly cuboidal, nuclei centrally 
placed and evenly distributed, and cytoplasm homogeneous and faintly acidophil 
The whole or almost the whole organ is thus gradually depleted of its stored colloid 
and the normal structure of the gland is replaced by tissue m a state of intense 
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(b) Those in which the protein-content is constant at 20 per cent and tho. 

white-flour-content is between 40 and 60 per cent , fats and salts 
being adequate, and the balance of carbohydrate being made up of 
purified starch (VIII to X) 

(c) Those m which the protein-content is constant at 20 per cent , fats and 

salts being adequate, while the white-flour-content is reduced to 
below 30 per cait and the balance of carbohydrate made up of 
purified starch (XI to XV) 

The control diets (I and XVI) are not included in these three 'classes 
Goitre occurred in the first and third class to an almost equal extent (38 9 
and 33 3 per cent, respectively), but not at all in the second class, this is not 
to say that the diets of this class cannot cause goitre but that they did not cause 
appreciable enlargement of the gland in this expenment 

A reference to Table I, in which tlie initial, final and maximum weights of 
each are given, will show that tliere were eight diets (I, II, III, IV, XII, XIII, 
XIV and XV) which failed to ensure even a moderate rate of growth These 
may be excluded as unlikely to be of a composition comparable to any diets 
used by white-flour-eating peoples They have, however, served a useful purpose 
111 the experiment by indicating that insufficiency of vitamins of the B-class is a 
principal dietetic fault concerned m the production of this type of goitre 
There are left seven diets (V, VI, VII, VIII, IX, X and XI) into which white- 
flour entered largely, these ensured a rate of growth which though not perfect 
was at least considerable The following facts in regard to their association with 
goitre are to be noted — 

(1) Those containing 72 per cent or more of American white-flour and 

15 per cent or less of protein, the fats and salts sufficing for normal 
' needs, caused goitre m 33 3 per cent of young rats, despite the 

adequate ingestion of iodine (Table I) \ 

(2) Those containing 20 per cent of protein and between 40 and 60 per 

cent of American white-flour, the fats and salts sufficing for normal 
needs, did not cause goitre 

(3) One diet containing 20 per cent of protein and 30 per cent of 

American white-flour — the balance of carbohydrate being made up 
of purified starch and the fats and salts sufficing for normal needs — 
caused goitre in one out of six animals fed upon it, despite the 
adequate ingestion of iodine 

The conclusion is thus reached that diets having the composition of those 
m groups 1 and 3 above will cause goitre in approximately 25 per cent of 
individuals consuming them despite the adequate ingestion of iodine It will be 
noted from Table I that the amounts of potassium iodide ingested with these 
diets ranged between 0 4 and 2 6 mgrms per rat daily 

Among the sixteen experimental diets there were two (Nos I and II) which 
caused goitre in four out of twelve animals, no iodine was added to them The 
pitre arising in consequence of their consumption did not appear to differ 
histologically from those caused by the other diets The further conclusion is 
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goitre he. therefore, in the differences in quality between the stock diet and the 
experimental diets In comparison with the former the latter contained an 
insufficiency of accessory food factors belonging to the vitamin-B-class ,* thc) 
were also deficient in vitamin-C, m vitamin-A, in manganese, and in ^egetal)le 
juices and roughage (cellulose and the indigestible parts of plants), while they 
were ncli m vitamin-poor carbohydrate Although it seems probable from the 
results of the experiment (Table 11) that the insufficient provision of vitamins 
of the B-class was the principal dietetic cause of this type of goitre yet I am 
reluctant to attribute it wholly to this cause For the piesent it is enough to sav 
that it is prone to arise when green vegetable foods and fruit are excluded from a 
diet containing more than 60 per cent of white-flour, less than 20 per cent of 
protein, and fats and salts (including iodine) in adequate amounts 

There is another aspect of the causation of this type of goitre All animals 
in each group weie fed alike There would seem at first sight to be no more 
reason, on dietetic grounds alone, that one or two animals in any one group 
should become goitrous than tliat the remainder should not It is true that among 
the non-goitrous remainder there were some whose thyroids presented changes 
tn part of the gland similar to those found in the goitrous organs, but there were 
others whose thyroids were to all appearances normal Nothing, however, is more 
striking in the pathogenesis of deficiency disease than the variability of the effects 
of faulty food on different indiividuals and on different organs and tissues ot 
body In one the nerves, in another the heart, in a third the gastro-intestinai 
tract^may be so injuied as to dominate the clinical scene So it may be in the 
present instance the faulty diets used in these experiments, may have induced 
in some thyroids a graver state of physiological mefficiencv than m others, and 
the changes m the goitrous glands may represent the attempt made by the physio- 
logical sub-normal gland to attain to a state of compensation In this attempt 
it must inevitably fail since its malnutrition renders it inefficient as a machine 

On the other hand, the faulty diet per se may not have been the essential cause 
of the disease but have favoured the action on an ill-nourished and physiologically 
sub-normal gland of some goitrigenous agent peculiar to the animals which 
developed goitre The diets with which the goitres were associated gave rise to a 
physiologically sub-normal, and sometimes to a pathological, state of the gastro- 
intestinal tract, and it seems probable that the exciting cause of the disease mai 
have been of intestinal origin and of toxcemic nature I have previously (8) 
postulated the existence of such ' toxsemic goitres ’ in constipated and imperfectly 
nourished girls of the working-classes The present paper suggests at once the 
cause of the mtestmal stasis (insufficiency of vitamin-B) (4) and of the ‘toxainiiL 
goitre ’ which may accompany it While the cure of simple goitre which may so 
rapidly follow the removal of tlie stasis (8), without change in the state of 
nutrition of the subject, lends support to the view that the thyroid enlargement 
IS in such cases of toxsemic ongin It may be, again, that faulty diets such as 

♦Experiments now m progress appear to indicate that there arc two fractions m 
vitamin-B a growth- promoting fraction and an anti-neuntic fraction, white-floor is no 
devoid of the latter, but is verj deficient in the former, polished rice is very 'deficient in c 

latter — R McC 
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be doubted tliat the pathological features of the ‘ endemic goitres ' will be influenced 
by the food habits of residents m endemic zones where white-flour is the staple 
article of diet and milk and green vegetable foods are scarce, endemic influences 
may be expected to give rise to a pathological picture in the thyroid gland wliicii 
will differ in detail from that resulting in localities where whole wheat-flour is 
used and milk and vegetable foods are abundant 


Summary 

(1) A new type of goitre has been produced, under experimental conditions 
in young rats, which is unrelated in its origin to lodine-defiaency 

(2) It is to be distinguished aetiologacally, pathologically and epidemio 
logically from the chronic hypertrophic or adeno-parenchymatous type of endemic 
goitre and from the diffuse colloid type of endemic goitre 

(3) The basal factor in its causation is a diet containing more than 60 per 
cent of white-flour or of vitamin-poor carbohydrate, 20 per cent or less of protein 
with fats and inorganic salts (including iodine) in adequate amounts but no 
green vegetables nor fruit 

(4) The goitre arising in these circumstances is characterized by intense 
secretory hypertrophy which ultimately leads to exhaustion of more or less of 
the epithelia and its replacement by non-secretory elements and fibrous tissue 
These changes may be present without any marked increase m size of the gland 

(5) It seems likely that this t)q)e of goitre will be found to occur sporadi 
ca'lly amongst white-flour-eating peoples, that the subjects of its progressive stage 
will be prone to develop Graves's Disease, following such influences as friglit, 
mental worry, pregnancy, lactation and attacks of acute infectious disease, and 
that the subjects of its retrogressive stage will exhibit greater or lesser degrees 
of myxoedema 

(6) If this type of goitre be found to prevail sporadically in white-flour- 
eating peoples the additional provision of iodine in the food will not prevent it, 
but a well-balanced vitamin-nch diet will 
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-Goitrous thjToid gland of rat No 
as Fig 4 higher magnification 


S06, same Fig 8 —Goitrous thyroid gland of rat No 529 fed 
Ciet II, died on the 127th day of the experiment 
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Fig 9 — Nonnal thyroid gland of young rat actively 
secreting phase same magnification as 
Figs 10, 11 and 12 
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Fig 10 — Goitrous thyroid gland of rat No 515 fed 
on Diet V died on the 94th day of the experiment. 
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been subjected to a certain amount of adverse criticism in India and, since 
it IS not meet that judgment should be allowed to go by default, it is necessary 
that an attempt should be made to justify the preparation of these forecasts at 
the bar of scientific opiniofi It is, therefore, proposed to detail the result of 
the analysis of the malana forecast for the year 1926 and thereafter to describe 
tlie precise mode of its preparation and to appraise its accuracy 

II THE MAEARIA FORECAST FOR THE YEAR 1926 

The malaria forecast which was prepared during the absence of the writer in 
England, by the Director of Public Health, Punjab, was in the following 
terms — 

Punjab Public Health Department 
Malana Forecast based upon data up to August 23rd, 1926 

Speaking generally conditions are favourable for an outbreak of malaria m 
the eastern and northern districts, but detailed figures are only available for tlie 
following districts listed in order of probability of the height of incidence — 

(1) (a) Hissar, (b) Rohtak, (c) Gurgaon, (d) Jullundur, 

(e) Ludhiana 

(2) Rawalpindi 

(3) Karnal 

(4) Sialkot 

(5) Amritsar 

/ (6) Ambala 

In the southern and western distncts conditions generally are unfavourable for 
an outbreak of malaria, but detailed figures are only available for the following 
districts which may be expected to have an incidence approximately normal or 
below normal — 

( 1 ) Muzaffargarh 

(2) Dera Ghazi Khan 

(3) Mianwah 

(4) Lahore 

(5) Multan 

(6) Montgomery 

Simla, August 31st, 1926 


* Note — The Stalcsinan (of Calcutta), dated September 9th, 1924, contained the following 
editorial comment ‘ It is both unusual and wrong for Health Authorities to issue forccas s 
regarding the occurrence of epidemics as if they were crops or the monsoon and the 
Health Department would be well advised not to follow up its preliminary forecast as to 
incidence of malaria in the Province A well-marked epidemic focus, we read, is 
develop in the districts of Lahore, Amritsar and the cast of the Montgomery district 
sturdy Jat peasantry of the tahsils indicated will possibly not be alarmed bj the fore o 
of a Simla official, but the principle of the forecast is bad, sickness being as much psycho ogic 
as phj siological ’ — C A- G 
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those used m these experiments give rise to different biochemical disturbances in 
different individuals wth the production in some of abnormal metabolites which 
excite the thyroid unduly or deplete it of the hormone necessary for their combiis- 

tion 

There are thus three sites at which the essential cause of this type of goitre 
is to be sought The first in the gland itself, where inefficiency of the thyroid 
nraclime may be brought about by its malnutrition with impediment to the normal 
revolution of its cycle of actiwty , the second in the body fluids and tissues where 
imperfect metabolism may be assumed to result m the production of abnormal 
metabolites and to cause depletion of the thyroid hormone necessary for their 
combustion, and the third, in a physiologically sub-normal or pathological ali- 
mentary tract whence bacterial agents or their toxins may find their way into the 
arculation and induce pathological changes m the thyroid gland But at all three 
sites the common factor is imperfect nutrition induced by faulty food , the general 
statement f have already made as to the dietetic cause of this type of goitre will 
sen^e until we know more of the part played by the thyroid gland m the animal 
economy, and of the biochemical phenomena associated with faulty nutntion 


CommcnTary 

In view of the confusion which exists in regard to the causation and pre- 
vention of the thyroid diseases included under the generic term ‘ simple goitre ’ 
the results of these expenments are illuminating If, as seems likely, the type of 
goitre here described be foUnd to occur sporadically amongst white-flour-eatmg 
peoples then the view that all ‘ simple goitres ’ are due to lodine-deficiency and 
preventable by the prophylactic use of iodine must be aliandoned The relation 
of (iodine to each type of ‘ simple goitre ’ must be definitely defined , this has 
been attempted, as shown in the previous paper (page 207 ) for the classical type 
endemic goitre — the chrome hypertrophic or parench3rmatous type, it remains to 
be done for the diffuse colloid type of endemic goitre 

The experimental evidence here provided makes it probable that in Western 
countries this new type of goitre will be encomitered m its progressive stage in 
childhood and in young women whose food contains much vitamin-poor 
carbohydrate, little suitable protein and less green vegetables and fruit, 
and in its retrogressive stage m older subjects whose food has similar 
faults If this should prove to be so iodine will neither prevent nor cure the 
disease, but a well-balanced diet rich in vitamins will These matters can, however, 
only be decided by clinical and epidemiological observation, and by ‘ goitre- 
surveys which take into consideration the food habits of the people and are not 
limited to one section of the community— the children Outside the laboratory 
\v\ a y be found that the purity in type of this vanety of goitre may 
comnionly be obscured by the interaction, with the nutritional factors which give 
rise 0 1 , 0 ot er goitrigenous influences, such as the ingestion of an excess of 
ime or o ats, and insanitary conditions of fife both intrinsic and extnnsic to 
m I "" I tliese may be expected to distort its character- 

met witli in^diff variety to the characters of the goitres 

met uidi m different individuals or m different localities Further, it can Lrdly 

18 
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Tabi,:^ I 

The Epidemic Figures of Distucts, 1926 


E F imder 2 0 

E F 2 0—3 0 

EF 3 0-4 0 

EF over 4 0 

t 

* Dera Ghazi Khan 

1 00 

Ainbala 

2 00 

Amritsar 

3 2S 

Sialkot 4 25 

* Mianwali 

1 00 

Sheikhupura 2 00 

Gurdaspur 

3 4S 


* Muzaffargarh 

1 10 

Attock 

2 00 




^ Multan 

1 10 

Ludhiana 

2 00 




Jhang 

1 10 

* Lahore 

2 10 




Lyallpur 

1 10 

Guj ranwala 

2 30 




* Montgomery 

1 IS 

Hoshiarpur 

2 30 




Shahpur 

1 20 

Jhelum 

2 4S 




Ferozepur - 

1 40 

Gnrgaon 

2 SO 




Karual 

1 40 

Rohtak 

2 SO 




Kangra 

1 SO 

Guj rat 

2 60 




Rawalpindi 

1 90 

Jiillundur 

2 70 






Hissar 

2 80 





Note — T he ten districts shown in italics are those in which an epidemic of malaria 
was predicted to occur The si\ districts marked with an asterisk are those m whicli the 
incidence of malaria was expected to be normal, whilst, owmg to absence of data, the 
forecast made no reference to the remaming twelve districts 


A more pronounced measure of success attended the prediction upon its 
negative side — and from the scientific and practical standpoint a negative is as 
valuable as a positne prediction — for it will be seen that in five out of the six 
districts in which the incidence of malaria was anticipated to remain normal the 
predicfaon tvas home out by the event These five districts are tlius congregate , 
as they should be, at the top of the first column of Table I, but, here again, no 
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I INTRODUCTION 

The first tentative forecast m regard to the occurrence of epidemic malaria 
in the Punjab was prepared in the year 1921 and an account of this prediction 
together with the result of a critical exarmnation of its accuracy was subsequently 
published m the Indian Journal of Medical Research (1) 

Emboldened by the success achieved on this occasion malaria forecasts were 
prepared for the years 1922 and 1923 and the result of the subsequent analysis 
of these forecasts was again published in the Indian Journal of Medical 
Rcscauli (2) (3) 

The accuracy consistently displayed by these three forecasts — and, it may be 
added, by the forecasts for the years 1924 and 1925 — renders it permissible to 
conclude that the time has arrived when the implications attaching to tlie apparent 
facility with which accurate malaria forecasts can be prepared should be accorded 
explicit recognition In particular, it seems proper, since the method of forecasting 
can no longer be regarded as in the experimental stage, that a detailed account of 
their mode of preparation should be placed upon record* 

The expediency of so doing is enhanced by certain other considerations The 
published account of the analyses of the forecasts for the years 1921 1922 and 
1923 has attracted the attention of malariologists in Europe and Aiiienca and 
their encouraging comments suggest that a description of the method of fore 
casting vould be welcomed On the other hand, the pnnciple as well as the 
practice of issuing predictions regarding the occurrence of these epidermcs has 

( 266 ) 
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Tabiv^ II 

The Epidemic Figures of Registration Circles 


District 

Number 

an 

of Registration Circles with 
Epidenne Figure of — 

Diffusion 

Index 

Intensity 

Index 

1 0—2 5 

2 5—5 0 

5 0—7 0 

7 0-10 0 

Hissar 

11 

13 

2 

0 

58 

8 

Rohtak 

11 

9 

0 

0 

82 

0 

Gurgaon 

10 

14 

0 

0 

58 

0 

Kamal 

23 

2 

0 

0 

8 

0 

Ambala 

12 

6 

1 

0 

37 

5 

Kangra 

16 


0 

0 

0 

0 

Hoshiarpur 

8 

15 

0 

0 

65 

0 

Jullundur 

12 

6 

0 

0 

33 

0 

Ludhiana 

10 

4 

0 

0 

40 

0 

Ferozepur 

25 

0 

0 

0 

0 

0 

Lahore 

24 


1 

0 

17 

3 

Amritsar 

4 


2 

0 

73 

13 

Gurdaspur 

3 


1 

0 

86 

5 

Sialkot 

6 


6 

2 

78 

28 

Gujranwala 

9 


0 

✓ 

0 

52 

0 

Sheikhupura 

18 


0 

0 

14 

0 

Gujrat 

6 


2 

0 

64 

12 

Shahpur 

19 


0 

0 

17 

0 

Jhclum 

7 

8 

0 

0 

53 

0 

Rawalpindi 

10 1 


0 

0 

28 

0 

Attock 

11 


0 

0 

27 

0 

Mjanwah 

16 

0 

0 

0 

0 

0 

Montgomery 

24 

0 

0 

0 

8 

0 

Lyallpur 

21 

0 

0 

0 

0 

0 

Jhang 

15 

1 

0 

0 

0 

0 

0 

Multan 

21 

0 

0 

0 

0 

0 

Muzaffargarh 

24 

0 

0 

0 

0 

0 

Dera Ghazi Khan 

23 

0 

0 

0 

0 

0 
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III THE ANALYSIS OF THE FORECAST 

It will be recollected that the forecast, which is usually prepared and issued 
on the 1st of September, refers to an epidemic which takes place m the months 
of October and November It will also be recalled that the distribution and 
intensity of epidemic malaria in different parts of the province can be accurately 
determined by calculating the ‘ epidemic figure ’ (E F ) which represents the 
number of times the ‘ fever ’ mortality in the month of October exceeds the mean 
monthly ‘fever’ mortality of the four months from April to July of the same 
year It is tlius possible to calculate the epidemic figure of the province as a whole, 
of each of the 29 districts and of each of the 574 registration circles 


(a) The Provincial Eptdeimc Figure 

The provincial epidemic figure merely indicates the general intensity of the 
'^epidemic throughout the province In a year when a major epidemic occurs th»s 
figure may be as high as 6 0 — 10 0, in years in wluch malana does not become 
epidemic it does not exceed 1 0, but in many years a mild epidemic of restricted 
distnbution is associated witli an epidemic figure of 1 1—1 5 In the year 1926 
the provincial epidemic figure was 1 99, m other words the mortahty caused by 
epidemic malaria during the month of October was approximately double the 
normal This figure therefore suggests the occurrence of a distinct epidemic of 
moderate intensity and it is mcompatible with the occurrence of a severe and , 
widespread epidemic The forecast which stated that the epidenuc would be 
restricted to certain distncts in the east and north of the province was therefore 
justified by the event 


(b) The District Epidemic Figures 

A minor epidenuc may however be associated with the occurrence of -an 
epidemic of considerable intensity in a restricted number of districts and it is 
therefore necessary to scrutinize the district epidemic figures These figures are 
shown in Table I where they are ranged in four groups in order of magnitude of 
their respechve epidemic indices 

A scrutiny of Table I discloses the fact that, on its positive side, the forecast 
acliieved a fair degree of accuracy Thus two out of the three districts (Sialkot 
and Amritsar), m which an epidemic of conspicuous intensity occurred, were 
mentioned in the forecast, whilst the third district (Gurdaspur), was one of the 
distncts for which no data were available 

Of the remaining eight districts m which malaria was expected to assume 
epidemic proportions it will be seen that a distinct epidemic, which is represented 
by an epidemic figure of 2 0—3 0, actually took place The only appreciable in- 
accuracy was therefore the prediction that an epidemic would occur in the 
districts of Rawalpindi and Karnal, but it will be noted that the epidemic figure 
of Rawalpindi distnct was 1 90 No data were unfortunately available in regard 
to tlie districts of Attock, Sheikhupura, Gujranwala, Hoshiarpur, Jhelum and 
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Foiecashng of Malana Eptdevncs 

The economic factor is derived from data obtained from the Director of Lan.l 
Records, Punjab, in regard to the average price of food-grams and it thus fur- 
nishes an index of the economic condition of the population The significance 
attached to this factor is dependent upon the induction derived from statistical 
analysis that although famine and lesser degrees of economic stress are incapable 
of determining an epidemic, they exercise a profound influence, other factors 
being favourable, upon the magnitude and intensity of epidemics of malaria 

The data regarding the spleen-rate are obtained by means of a spleen census 
of school-children as the result of which some 40,000 scholars located in 286 
representative localities have been examined twice a year (June and November) 
during the past twelve years The significance attached to this factor is dependent 
upon, the observation that epidemics of malaria of appreciable intensity never 
occur m localities m which the spleen-rate, as compared with the previous five 
years, is absolutely and relatively high A study of these data enables fluctua- 
tions of the spleen-rate to be followed, and a rough inverse relationship, other 
things being equal, has been found to exist between the height of the spleen-rate 
during the month of June and the intensity of epidemic malaria in the following 
autumn 

The precise nature of the influence of atmospheric humidity in tlie mechanism 
of epidemic malaria cannot be fully detailed here and it must suffice to state, 
pending the publication of a complete account of the research, that atmospheric 
hunudity, largely but not solely by reason of its influence upon the longevity of 
mosquitoes and upon their power to transmit infection, is an extremely important 
factor in determining an epidemic (5) 

Unfortunately the humidity factor cannot be directly measured except in i 
few localities owing to the fact that there are only ten meteorological stations 
in the Punjab It has, however, been shown by statistical analysis that atmos- 
pheric hunudity is highly correlated with rainfall in the Punjab during the pre- 
epidemic period (the months of July and August) and as tliere are 192 rainfall 
recording stations in the province, the rainfall data of tliese stations have beci 
utilized for the purpose of these forecasts as an index of atmospheric humidity 

It has been shown elsewhere (6), as the result of statistical analysis, that 
the combined July- August rainfall is more closely correlated with ‘ fever ’ mortality 
during the months of October and November than is the rainfall of any other 
months or combination of months and that m particular the rainfall of Septemlic' 
exercises no appreciable influence in determining the occurrence of epidemic 
malaria and it thus comes about that the rainfall data required m connection 
with the preparation of a malaria forecast can be assembled on September 1st at 
the earliest or in otlier words about four to six weeks before tlie onset of these 
epidemics 

The rainfall data are obtained from the Director of Land Records, Punjab, 
to whom they are reported weekly, but it has hitherto only been possible to obtain 
on September 1st the data referring to the last week in August in the case of 14 
representative districts A preliminary forecast is therefore usually issued on the 
1st of September and the final forecast about the twelfth of the month The 
normal July-August rainfall of these 192 recording stations being known, it is 
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Tabi,e III 

The Forecasting Factors, 1926 


District 

The Raenfaee 
Factor 

Spleen- 
RA'fE Factor 

The Epidemic 
P oTENTiAE Factor 

The Epidc 
mic Figure, 
1926 

(Departure from 
mean of July- 
August Rain- 
fall) 

(The Spleen-rate 
in June, 1926 ) 

(The coefficient 
of Vanabihty 
of ‘Fevers* in 
October ) 

Fissar 

+6 94 

14 0 

67 5“ 

2 80 

Rohtak 

+5 24 

22 4 

81 8 

2 SO 

Gurgaon 

+8 65 

9 3 

104 7 

2 50 

Karnal 

+0 79 

39 1 

59 5 

1 40 

Atnbala 

+3 10 

15 2 

61 7 

2 00 

Kangra 

+5 34 

15 5 

21 8 

1 SO 

Hoshiarpur 

+3 28 

9 2 

50 2 

2 70 

Jullundur 

+5 67 

2 9 

66 6 

2 30 

Ludhiana 

+4 37 

6 9 

88 8 

2 00 

Ferozepur 

+2 99 

7 3 

62 1 

1 40 

Lahore 

+5 25 ! 

93 

84 4 

2 10 

Amritsar 

+6 51 

12 6 

91 2 

3 25 

* Gurdaspur 

"1'2 56 

14 5 

61 1 

' 3 45 

Sialkot 

+6 57 

9 9 

78 9 

4 25 

♦ Gujranwala 

—0 55 

11 4 

86 5 

2 30 

/ 

Sheikhupura 

+3 23 

10 4 

86 5 

2 00 

^ Gujrat 

+1 79 

9 7 

107 6 

2 60' 

Shahpur 

+2 24 

1 

9 8 

100 0 

1 20 

Jhelum 

+6 48 

1 

11 0 

82 1 

2 45 

RavTalpmdi 

1 +6 83 

4 4 

42 3 

1 90 

Attock 

+6 37 

12 5 

37 5 

2 00 

Mianwali 

—1 53 

13 8 

52 3 

1 00 

Montgomery 

1 +3 16 

9 5 

112 5 

1 15 

Lyallpur 

+1 88 

10 5 

69 2 

1 10 

Jhang 

—1 20 

8 3 

78 1 

I 10 

Multan 

+0 07 

13 6 

76 9 

1 10 

Muzafifargarh 

—0 93 

37 9 

45 4 

1 10 

Dera Ghazi Khan 

—0 82 

13 0 

69 2 

1 00 


^ Note The districts marked -nith an astensk are those in which the forecast based 

upon tlie data contained in the Table was appreciabl> inaccurate. 
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data were available m the case of the other districts mentioned in this list (Jhang, 

Lyallpur, Shahpur, Ferozepur and Kangra) 

The sole error on the negative side of the forecast was in classifying Lahore 
district, which experienced an epidemic whose intensity is represented by an epidemic 
figure of 2 10, amongst those districts m which the incidence of malaria would 
remain approximately normal 

A consideration of the district epidemic figures therefore suggests that the 
forecast, apart from omissions due to the absence of data, was approximately 
accurate m the case of fourteen out of sixteen districts, the two appreciable 
inaccuracies having reference to Karnal and Lahore districts 


/ 

(c) The Upideuiic Figures of Registration Circles 


There are 574 registration arcles jn the Punjab or an average of about 
20 in each district and it thus comes about that a relatively low district epidemic 
figure is not incompatible witli the occurrence of an intense epidemic m a small 
number of registration circles , It is, therefore, necessary to examine the epidemic 
figures of these circles and, with tlieir aid, to plot out on a map (Map I) the 
precise distribution of the epidemic A summary of these figures is given m 
Table II to which has been added a ‘ diffusion index ’ and an ‘ intensity index,’ 
the former representing the number of registration circles with an epidemic 
figure of over 2 5 expressed as a percentage of the total number of registration 
arcles m tlie district, whilst tlie intensity index refers to the percentage of 
registration circles m each district with an epidemic figure of 5 0 or more 

A scrutiny of tlie figures given in Table II and of Map I shows tliat the 
distribution and intensity of epidemic malaria during the autumn of the year 1926 
exhibited the followmg features — 

(1) In the extreme south of the province an epidemic of malaria occurred 

in the districts of Hissar, Rohtak and Gurgaon 

(2) In the east the districts of Jullundur, Ludhiaita, Hoshiarpur and Ambala 

were extensively involved 

(3) The mam feature of the epidemic was the occurrence of a compact 

epidemic focus, with its ‘ nucleus ’ m Sialkot district, in the districts 

of Sialkot, Gurdaspur, Amritsar, Lahore, Gujranwala and Gujrat 

(4) To the north of the Jhelum river a diffuse epidemic focus of mild 

intensity prevailed in the districts of Jhelum, Rawalpindi and 

Attock 


( 5 ) 

( 6 ) 

( 7 ) 


In the remaining districts of the province, including all the districts n 

the west and south-west, the incidence of malaria was normal 

So far as diffusion was concerned the most widely affected distnct 

(82) . Sialkot, (78) . Amritsar 

58 ’ IM ^ Gurgao. 

(ao) , Jhelum, (53) and Gujranwala, (52) 

In respect of intensify the epidemic was everywhere mild except n 

districts of Sialkot, (28), Amritsar. a3) , GujrarTl 2 

Hissar, (8) , Ambala and Gurdaspur, (5) and Lahore,^ (3) 


6 
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because they permit of the inspiring hope that a quest embarked upon some 14 
years ago is approaching its objective 


-(1) Gii.1., C A (1923) 

(2) Gii.i<, C A (1923) 

(3) GaL, C A (1924) 

(4) Gn^i. C A (1914) 

(5) Gn.!., C A (1921) 

(6) Gai., C A (1920) 
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IV THE METHOD OF FORECASTING 

It will be seen, apart from omissions due to the absence of data, the distribu- 
tion of the epidemic was in close conformity with the terms of the forecast 
prepared on August 31st, 1926, but, as the omissions were rather numerous and 
certain errors require to be explained, it is necessary, m the light of the complete 
data, to examine the method of forecasting with a view to determining whether 
the defects brought to light are dependent upon errors of a systematic or 
asystematic order 

The metliod of forecasting is based upon the view put forward as a working 
hypothesis in the year 1914 (4) that malana epidemics are the outcome of ‘ loss of 
equilibnum ’ between ‘ infection ’ and ‘ immunity ’ A detailed account of the 
investigation as the result of which this working hypothesis has been raised to tlie 
rank of a theory will shortly be published, and' it will, therefore, suffice here to 
state that if this tlieory does resume a fundamental truth — and these forecasts 
constitute one of the various methods that have been devised to test the accuracy 
of the tlieory — it should be possible, if suitable factors representative of ‘ infechon ’ 
and ‘ immunity ’ can be assembled before the event, to forecast the occurrence of 
these epidemics with mathematical preasion 

In die light of this view tlie following five factors have been selected as of 
epidemiological significance in the preparation of malaria forecasts — 


(1) The humidity factor of which the July- August rainfall of 192 rainfall 

recording stations is the index 

(2) The spleen-rate factor as determined by the spleen-rate of some 286 

representative localities dunng the previous five years 

(3) The economic factor of which the average price of food-grains in the 

Punjab during the previous five years is the index 

(4) The ' epidemic potential ’ factor of whicli the coefficient of variability 

of ' fevers ’ durmg the month of October for the penod 1868 — 1921 
IS the mdex 

(5) The anophehne factor as determined by the total prevalence of natural 

‘ earners ’ during the montlis of July and August 


As regards tlie anophelme factor, observations having appeared to show that 
no significant difference could be detected from year to year m the total 
number of anophelmes present m tlie epidemic area during tlie months 
of July and August, this factor, to which at one t\me importance was 
attached, has latterly been ignored in the preparation of malaria forecasts The 
epidemic potential ' factor, which is obtained by multiplying the standard devta- 
lioii of fevers ’ during the month of October by 100 and by dividing the product 
by the number of observations (55 years), indicates the relative liability of 
cacli district to epidemic visitations and the significance attached to it is illustrated 
y tile fact that m tlie preparation of these forecasts no epidemic will be expected 
0 occur, however favourable the other factors may be, in any district with an 
extremely low coeffiaent of variabilrty of ' fevers ’ 
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tertian malaria a clinical cure was recorded in 66 6 per cent, but only 33 per cent 
were parasite-free 

Fifty-fonr of the patients were observed for periods of 2 to 15 months 
after the end of treatment, and of forty cases of benign tertian malaria so 
obsen^ed 29 ( 72 per cent) had not relapsed, but 8 of these, or 20 per cent of the 
total cases, still harboured parasites, making a total of 48 per cent relapse, accord- 
ing to the standard used in our work (Smton, 1926) ' 

Of 6 cases of malignant tertian malaria so observed two had relapsed and 
one other had parasites in the peripheral blood, while out of 8 cases of mixed 
infection two had relapsed and two others still harboured parasites This 
makes a total of 54 patients observed of whom 27 7 per cent had already relapsed 
and anotlrer 20 4 per cent had parasites in the peripheral blood at the time of 
examination, i e , a total of 48 per cent of relapses 

Fletcher (1925) tried the effects of this drug on malarial patients in the 
Malay States, and as a result of his clinical tests states that it had no effect 
on the malana parasites Schrumpf-Pierron and Pagnier (1925) say that they 
got the impression from the use of the drug that its results were superior 
to quinine in chronic cases of malana, but they recommended further work on 
the subject 


Methods and Treatment 


The Haco Company in their circulars state that ‘ 6 to 8 pills a day arc 
generally sufficient Here experience has shown that when there- has been 
previous fever, or fever induced by the exhibition of Peraenna, an increased 
dose of 10 to 12 pills will speedily reduce the temperature It is indicated, 
therefore, that patients who have had fever before treatment should start 
with large doses of 10 to 12 pills a day, and one should only administer the 
smaller doses of 6 to 8 pills when fever has abated In these cases of malaria, 
where the attacks are infrequent but where the general state of the health 
shows that the biological equilibrium between the disease and resisting power 
IS gradually decreasing, small doses fiom the beginning are indicated 
Should, however, attacks with hig^h temperature occur, the daily dose is to 
be increased accordingly ’ ‘ So far, Peraenna 303 has proved efficacious 

mainly in the treatment of chronic malaria ' It is also recommended that the 
treatment should be continued until the peripheral blood is free of parasites fo* 
at least 15 days 

The ten patients treated by us were young adult British soldiers suffer- 
ing from benign tertian malana, as diagnosed by microscopical examinations 
of the blood The cases were mostly of a chronic nature (see below, medica 
histones) •« 

The treatment given was as follows — For the first 3 days, 6 piHs ^i ) , 
from the 4th to 7th days, 8 pills daily, from the 8th to 10th days, 9 pills dai>» 
and from the lltli day onward, 12 pills daily until the end of treatment n 
Case 1 from the 66th to 114th days, 15 pills were given daily, and, in Case 
from the 25th to lOSth day's a similar dpsage was given 
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only necessary to obtain the ‘ actuals ’ for the year in question and to calculate the 
departure from the mean in order to obtain the requisite rainfall factor 

It will thus be seen that the forecasting factors may be divided into two 
groups, one of which contains the humidity factor, and the anopheline factor 
which are designed to provide early information m regard to the amount o 
Unfeciion: and the other group comprising the spleen-rate factor and the 
economic ’factor, which are calculated to afford a rough index of communal 
' 11111111(111 fy' 

The complete data up to September 1st, 1926, now being available, tire manner 
in which these data are utilized in the preparation of a malaria forecast may 
conveniently be illustrated m reference to the forecast for the year 1926 

For reasons already indicated the anopheline factor will be ignored and, m 
the case of the year 1926, it is unnecessary to consider in detail the economic 
factor except to remark, as the result of a series of favourable monsoons, that 
‘ prices ’ were everywhere relatively low as compared with the past quinquennium 
and the economic factor was consequently everywhere unfavourable to the occur- 
rence of an epidemic of high intensity 

The three important factors are therefore the rainfall factor, the spleen-rate 
factor and the ‘ epidemic potential ’ factor and the data regarding them, which 
were available on September 1st, 1926, are summarized in Table III to which has 
been added m the last column the actual incidence of epidemic malaria in each 
district as determined by the epidemic figure for the month of October, 1926 

A scrutiny of the data contained in the first three columns of Table III justifies 
the following inferences in regard to the incidence of epidemic malaria m the 
Punjab during the months of October and November, 1926 

All the factors are favourable to the occurrence of an epidemic of moderate 
intensity in the districts of Hissar, Gurgaon and Rohtak No epidemic would 
be expected to occur in Karnal district owing to the fact that the rainfall 
factor and the spleen-rate factor are both unfavourable and the inclusion of this 
district 111 the list of those in which an epidemic was predicted to occur was 
therefore not justified 

In Kangra district die rainfall factor was favourable but the low epidemic 
potential factor (21 8) is inconsistent with the occurrence of an epidemic of 
appreciable intensity in this district 


All three factors are favourable to the occurrence of epidemic malaria m the 

districts of Julliindur, Ludhiana and Hoshiarpur and an epidemic of some intensity 

is likelj to occur in the first-named of these districts An epidemic focus would 

be exp^ted to ocair m the distncts of Siallcot, Amritsar and Lahore and m 

view of the favourable nature of the factors, to attain relatively high intensity ‘ 

Sialkot and Amritsar districts The inclusion of Lahore district m the list of 

niTcrnrd” cadence of malaria was expected to remain normal, was not 

in accordance with the forecasting data 

o, A epidemic is likely to prevail m the districts of Jhelum Rawaloinrh 
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Case No 2 — S , aged 23 years 
This patient had a history of 1 previous relapse 

Tieatinent — This was earned out as described above and continued until 
the 108th day, during which time he received 1,308 Peraenna pills Prom 
the 66th day until the end of treatment the dose given was 15 pills daily 
No quinine was given 

Temperatui e — This never rose above normal during the whole period of 
treatment 

Parasites — 1st -| — | — | — (-> 2nd -\ — , 3rd -\ — | — | — \- , 4th -1 — , 6th 

-) — , 8th -j , 10th 4 — , 13th to 21st — ; 33rd and 34th -1 — , 38th and 39th 

H — , 42nd H — , 56th H — , 66th 4 — , 72nd and 73rd 4 — , 89th and 90tli 
4 — , 98th and 99th 4 — , 106th 4 — 

Spleen — Vide Table I 
Result — No relapse recorded 

Case No 3 — S G, aged 23 years 
This patient had a history of three previous attacks 

Tt eatment — This was as described above and continued until the 56th 
day, during which time 537 pills had been taken He also received 20 grains 
of quinine in solution during the 4th day on account of the seventy of his 
symptoms 

Tempcjatwe — Rigors with a temperature occurred on the 1st and 3rd 
days of treatment with temperatures of 104°F After this time, the tempera- 
ture remained normal until the 17th day when ft rose to 99 5°F On the 20tli 
day It again rose to the same level and on the 21st day a rigor with a 
temperature of 101 °F was recorded No other nse of temperature was 
recorded during treatment 

Parasites — 1st 4 — 1 — 1 — b > 3rd 4 — 1 — h > 4th 4 — 1 — 1 — 1~» 5th 4 — > 6th 4-1 

17th to 19th 4 . 20th 4". 21st -{ — b> 22nd 4 No parasites were found 

during the remaining 34 days of treatment 
Spleen — Vide Table I 

Result — ^The patient relapsed parasitically during the 5th week of ob- 
servation after treatment He was given a course of 28 days’ treatment with 
‘ Malarene ’ (standardised cinchona febrifuge), after which he was observed 
for 8 weeks without a relapse 

Case No 4 — M, aged 25 years 
The patient had a history of three previous attacks of malaria 
Ti eatment ^ — The patient received 945 pills of Peraenna during a period 
of 95 days He was given quinine in solution on three occasions during 
treatment, a total of 70 grains 

The further details of this case are shown on Chart,I 
Result — ^No relapse was recorded during observation 
Case No 5 — G M , aged 23 years 
The patient had a history of four previous attacks of malaria 
Treatment — ^He received 465 pills during the 45 days of treatment 
Temperature — No rise of temperature to 99 5°F or over was recorded 
during treatment 
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Finally, the incidence of malaria would be expected to remain approximate y 
normal m the districts of Karnal, ICangra, Gujrat, Gujranwala, and in all the 
distncts in the west and the south-west of the province 

When the actual incidence of epidemic malaria, as given in the last column of 
Table III, is compared with the above statement it is clear that the correspondence 
between anticipations based upon the forecasting data and actual happenings is 
extremely close 

The two discrepanaes in the onginal forecast are found to be due to 
errors of an unsystematic order but a study of the complete data has brought to 
light the fact that m three districts — none of which were mentioned in the onginal 
forecast owing to absence of data — the incidence of epidemic malaria was not in 
accordance with antiapations 

It IS scarcely to be expected that a forecast based upon data which necessarily 
constitute random samples should attain absolute accuracy, but if the theory 
upon which the method of forecasting is based be correct, it is necessary to 
consider whether any explanation can be given of the fact that in the districts 
of Gujrat, Gujranwala and Gurdaspur an epidemic of malaria of appreciable 
intensity was associated with a rainfall factor definitely unfavourable to the 
occurrence of an epidemic 

It will be observed from a scrutiny of Map I that these three districts are all 
located in close proximity to the montane tract and they are known to be peculiarly 
liable to inundation during the monsoon as the result of heavy rainfall m the hills 
In these arcumstances it is possible that the correlation between atmospheric 
humidity and local precipitation is less close in the sub-montane districts than it 
is m distncts where atmospheric humidity is nuunly a reflection of local rainfall 
^Vhethe^ this surmise be correct or no — and steps are being taken to verify its 
accuracy — it is significant that such errors as have been discovered in the forecasts 
dunng the past six years have mainly occurred in connexion with the sub-montane 
districts These minor error do not however matenally detract from the general 
accuracy of the forecast and, although it is necessaiy that they should, if possible, 
be eliminated, there is some reason to believe that they are the outcome of imper- 
fections of the data rather than the result of the inadequacy of the theory upon 
which the method of forecasting is based 


V CONCLUSION 

- Six successive forecasts have now been prepared, the result of an analysis of 
four has been published and each forecast has exhibited conspicuous accuracy 
The method of forecasting and the mode of preparation of an actual forecast 
have now been descnbed and thus the relevant facts for the formation of a 
considered judgment are available To some it has appeared that the publication 
of these forecasts serves no useful purpose, others have considered the prediction 
of ep^emics is wrong m prmaple and they have not hesitated to adopt the view 
that he cause of these phenomena are ‘as much psychological as physLomcI^ M 
To the vnter it would appear that predictions which give a month’s^vam^nf 
he ocairrence of an impending catastrophe are of considerable iJuT^t Lw 
because ,b« enable „n,el> acUon be taken to'mtbgate nnsery and “’stress ta 
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While working with the Swiss Red Cross Expedition in the famine dis- 
tricts of Russia, Walker (1924) conducted a series of experiments on the treat- 
ment of malaria by means of two new drugs — Peraenna 303 and Peraerma 
404 Ab a result of his work he claims that the former drug is a specific 
remedy against malaria, well suited to replace or supplement quinine in 
many cases, while the latter drug, although a remedy for this disease, appears 
to be liable to give rise to dangerous effects in some cases 

These drugs are manufactured by the Haco Company, Ltd , of Berne 
Peraenna 303 is said to consist ^of specific albuminates combined with trypa- 
flaMne, the compound containing 10 per cent of the latter drug It is made up 
111 pills of 0 5 grm each, i e , 0 05 grm trypaflavme in each pill Peracriiia 
404 is stated to be an lodated compound of trypaflavme and albumin 

Walker (1924) summarises his results as follows —(a) out of 73 cases 
of benign tertian malana, 71 2 per cent were cured climcally, but in only 
56 2 per' cent of the total number was the penpheral blood free of parasites 
when the patients were discharged, {b) out of 20 cases of malignant tertian 
raahna 65 per cent nere cured d.n.cally, but only 25 per cent were- paras.te- 
free on d.scbargo, and (c) oi 21 nuxed tnfectons of benign and malignant 

J.ME ( 277_) 
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Parasites — 1st and 2nd -] — | — f-, 3rd -| — (-, 4th and 5th 
15th and 16th -] 17tli -1 — [ — 36th -| — •, 53rd to 55th 

59th to 61st -( — , 63rd -( — , 72nd -j — , 74th -\ — 

Spleen — Vide Table I 

Result — No relapse was recorded during observation 

Case No 8 — P , aged 23 years 
The patient had a history of 15 or 16 previous relapses 
Treatm-cnt — The patient received 729 pills during the* 74 days of treatment 
He was also given quinine on six occasions during treatment, a total of 150 grains 
{vide Chart II) 

Temperature and parasites — Vide Chart II The blood of this patient was 
never "negative for 15 consecutive days during treatment 

Spleen — Vide Table I 

Result — ^Tlie patient relapsed during the first week of observation following 
treatment He was then given four different courses of treatment, but relapsed 
after each treatment 

Case No 9 — M , aged 31 years 
The patient had a history of 10 previous attacks of malaria 

Treatment — The patient received 717 pills of Peraenna during the 72 da}S 
of treatment Twenty grains of quimne were given on two occasions during 
treatment 

Temperaim e — ^Rigors occurred on the day before treatment was started and 
on the 1st and 2nd days of treatment with temperatures of 101° to 102°F For 
this reason 20 grains of quinine were given, after which no rise of temperature was 
recorded until the 20th day when a rigor again occurred, and another 20 grams of 
quinine were administered 

The temperature rose to 100° F on the 23rd day and remained normal for the 
rest of the treatment 

Parasites — 1st 4 — | — h . 2nd 4 — j- > 4 . 16th to 21st 4 — > 24th 4 > 

41st to 51st 4 — » 62nd to 64th 4 — The blood was never negative for 15 
consecutive days during treatment 

Spleen — Vide Table I 

Result — The patient relapsed during the 3rd week of observation after treat- 
ment He was given a course of 28 days' treatment with cinchonine sulphate, after 
which he was observed for 8 weeks without a relapse 

Case No 10 — B , aged 22 years 
The patient had a history of four previous attacks of malaria 
Treatment - — The patient received 681 pills of Peraenna during a treatment 
lasting 68 days Twenty grams of quinine were given on one occasion 

Temperature ■ — Rigors occurred on the 1st, 3rd and 5th days of treatment with 
temperatures of 100 5° to 102°F Another ngor occurred on the 14th day 
(102°F ), and 20 grams of quinine were given No further fever was recorded 
until the 28th to 31st days during which fever and rigors were present (101° to 
102°F ) No subsequent febnie attacks were observed during treatment 


13th 
57th 4--; 
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The methods used in carrying out this experimental work was similar to 
that already described in a previous article of this series (Smton, 1926) 
Daily blood examinations were made b)" the thick film method in all cases 
during the course of treatment The size of the spleen was examined each 
week or oftener if considered necessary The patients were weighed each 
week, and the greatest care was taken to see that the treatment prescribed 
was actually taken 

After the cessation of all treatment the blood of each patient was ex' 
amined weekly for 8 weeks to determine the occurrence of parasitic relapse 
(Smton, 1926) 


Medicai, Histories oe the Cases 

The patients were young adult British soldiers and were in a well- 
nounshed condition Nine of the patients had from 3 to 10 previous relapses 
of benign tertian malaria and one (Case 2) had a history of only one previous 
attack of malaria 

Case No 1 — A R H , aged 25 years 
This patient had a histor}'' of numerous previous attacks of malaria, three 
of which had occurred while under our observation 

Treatment — ^This was carried out as described above and continued until 
the 113th day, during which time the patient had taken 1,248 pills of Pera- 
crina Twenty grams of quinine sulphate in solution was given on two 
occasions on account of severe rigors or the occurrence of very numerous 
parasites in the peripheral blood 

Temperatine — The patient had a ngor on the 5th and 7th day of treat- 
ment with a temperature of over 103'’F on each occasion He was given 
20 grains of quinine in solution on the 8th day, after which his temperature 
remained normal until the 28th to 30th days on each of which he again had 
rigors with temperatures of 102° to 103°F Twenty grains of quinine were 
given on the 30th day after which his temperature remained normal till the 
93rd day, when he had a temperature of 100°F No further rise of tempera- 
ture was recorded during treatment which ended on the 113th day 

Parasites* —Before treatment -}-++ , 2nd 5th to 7th +-f , 8th 
++++, 9th 4 — , 10th 16th 4 — , 22nd to 28th -f— , 29th +4— f-, 

30th 4-+++ , 31st 4-4- . 51st to 53rd 4 — , 55th 4 — , 65th 4 — , 67th to 69th 
4 . 70thand7lsl 4-, 7’nd to 74th 4 — , 7Sth to 80th 4-~, 82nd 4- , 83rd 4— 

85th to 89th 4 ,91st to 94th 4 — , 106th to 110th 4 — The blood was 

negative for only 3 days before the end of treatment, and was never Negative 
for more than 11 days consecutively during treatment 
Spleen — Vide Table I 
Result — ^No relapse was recorded 


* The numbers refer to the daj s of treatmeni „ u j 
that the blood eaommat.on on that date revealed no paras.S ^corded it me 

‘mimcrou*; para<;itcs’ ++4- a * {air mimher i symbols 

P ras.tes, and 4- - ‘extremely scanty’ parasites 
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9 days) Another senes of seven cases was each given a amgle dose of 30 grams 
of quinine and amongst them the average apyrexial period was 18 3 
days (maximum 48 days, minimum 3 days) These results are ver}-- similar 
to those seen in the Peracnna cases 

The fact that febrile attacks may occui during Peracnna treatment is a 
seiious dra\vback, more especially in an uneducated population, whose demand 
IS for a quick clinical cure and who know that quinine in appropriate doses 
will produce this 

B Parasites — Four o-f the patients with benign tertian malaria, whose 
medical histones are recorded by Walker (1924), had asexual parasites m 
their peripheral blood as late as the 86th, 60th, 76th and 38th days of treat- 
ment respectively, and gametocytes up to the 56th, 36th, 76th and 35th days 
In his next two cases the duration of parasites seems to have been 18 and 
54 days, while in the last two both sexual and asexual forms were present 
up to the 15th and 21st days, at which times tt ^vas found necessary to 
lesort to quinine treatment on account of the seierity of the symptoms 
Fletcher (^1925) found that 8 pills of Peracnna given daily to adults did 
not clear the peripheral blood of parasites in 10 to 14 days in the majority 
of patients 

Amongst our patients parasites were recorded as late as the 110th, 106th, 
22nd, 69th, 33rd, 79th, 74th, 73rd, 64th and 53rd days of treatment, in spite 
of a continuous daily dosage of 12 pills of Peracnna from the 11th day onward 
and of quinine in addition on several occasions when the symptoms were 
severe In Cases 1 and 2 parasites were present over considerable periods m 
spite of the administration of 15 pills daily 

The presence of parasites in the peripheral blood over such long periods 
may be due perhaps, as asserted by Walker (1924), to the provocative action 
of Peracnna but no evidence was found to support this The findings rather 


Tabled I 

Results of Splenic Examinations during weeks — 


Case 

No 

Before 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

1 

3F 

3F 

4F 

IF 

P 

5P 

3F 

IF 

N 

N 

N 

N. 

N 

IF 

2F 

P 

N 

2 

N 

N. 

N 

P 

3F 

IF 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 
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IF 

3F 

N 

IF 

3F 

P 

N 

N 

N. 
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P 

P 
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N. 
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N 

N 
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N 

N 

N 

N 

N. 

N 

N 

N 
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3F 

4F 
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3F 

3F 

2F 

2F 
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P 
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N 

N 

N 

P 

N 

N 

N 

N 

P 

N 

N 

N. 

N 

N 
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IF 

IF 

N 

IF 

P 

P 

N 

P 

P 

P 

N 

N 
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N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 
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N 

IF 

P 

N 

N 

P 

N 

N 

N 

N 
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two relapsed, one although no parasites could be found during 34 consecutive 
days of treatment The other four patients were treated from 72 to 112 
days (average 87 days) without giving 15 consecutive negative blood tests 
The treatment was then stopped in these cases because our supply of the 
drug became exhausted Two of these patients relapsed later, including the 
patient who had been tteated for 112 days 

G Dosage — The treatment used started with 6 pills daily and worked up 
to 12 pills daily on the 11th day This dose is higher than that recommended 
by the makers, except in attacks of fever This larger dose Avas given in 
consideration of the fact that Walker had given 8 to 12 pills daily to children 
of 12 to 13 3 'ears Neither of the cases recorded here who received 15 pills 
daily over long periods relapsed 

H Complamts by Patients — A number of the patients complained of 
nausea, listlessness and loss of appetite, more espeaally dunng the early 
stages of treatment Walker (1924) records a case in which the treatment 
had to be stopped on account of seAmre vomiting 

The patients also objected to the tediousness of having to swalloAv 12 
large pills daily over periods of two or three months, more especially as this treat- 
ment did not seem to control their attacks in the same way that quinine did 
For this reason the patients expressed a desire to be placed on quinine treat- 
ment instead 

The uncertainty of the duration of this treatment had also a depressing 
effect on the patients 

I Expense of Ti eat'ment — The present price of Peraenna 303 Avotild 
preclude the use of this drug as a routine method of treatment, even if the 
results had been more encouraging 


Conclusions 

1 The results of the experiment detailed above does not bear out the 
statement of Walker (1924) that Peraenna 303 is ‘a specific remedy against 
malaria Avell suited to replace or supplement quinine in many cases ’ 

2 Even if Peraenna 303 has a beneficial ^effect in chronic malaria, the 
cost, the length of the treatment required and its uncertainty make it un- 
suitable for routine Avork as compared with quinine 


Thanks 

Our thanks are due to Mr P O R Bally, the representative of the Haco 
Company m India, through whose kindness we were supplied AVith free 
samples of Peraenna to carry out this experiment 
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Parasites — 1st and 2nd ^ , 3rd -| — , 33rd -1 
Spleen — Vtde Table I 

Result— No relapse was recorded during observation 


Case No 6 — G A , aged 22 years 
The patient had a history of five previous attacks of malaria 
Treatmeut —The patient received 92L pills during the 93 days of 
treatment He was given quinine in solution on four occasions during 
treatment, a toal of 90 grains > 

Tempo aturc — Rigors with temperature of 101 °F to 104°F occurred on 
the first three days of treatment, for this reason 20 grams of quinine were 
given on the 3rd day, after which the temperature remained normal until 
the 20th day On the 20th and 21st days rigors again occurred with tempera- 
ture of 102° to 103°F and 20 grains of quinine were given on the latter day 
The temperature rose to 102 2°F on the 22nd day, after which it remained 
normal till the 42nd day Rigors were present again on the 42nd, 43rd and 
45th days with temperatures of 101 5° to 103 8°F , but no quinine was given 
The temperature was then normal till the 57th day On this day and on the 
5Qth da> rigors with fever of over 103°F occurred of such severity that 
20 grains of quinine were given on the 59th day The temperature remained 
normal till the 75th day On the 75th, 76tli and 77th days rises of tempera- 
ture were recorded in the evenings, varying between 99 5° and 101 8°F but 
on the 78th day a rigor with fever of over 102°F occurred and 30 grains of 
quinine were given From this time till the end of treatment the temperature was 
normal 


Parasites — 1st 4-+++ » 2nd -f — , 3rd d — ] — 18th d — , 19th -f-? 

20th > 21st — [ — [- > 22nd -j — (-> 26th -j — , 42nd -j — , 43rd -j-'~f~>44th 

and 45th -j , 51st and 52nd -\ , 56th to 59th -\ — , 60th -j — , 63rd and 64th 

-I — , 71st — , 74th -1 — . 76th -f — , 78th -f — , 79tli H — 

Spleen — Vide Table I 

Result — ^The patient relapsed during the 5th week of observation after treat- 
ment He was given a course of 28 days’ treatment with cmclionine sulphate, after 
which he was observ'ed for 8 weeks without a relapse 


Case No 7 — P H , aged 23 years 
The patient had a history of three previous attacks of rnalaria 


Treatment— The patient received 885 pills of Peraerma during the 89 days 
of treatment He also received 30 grains of quinine in solution on two occasions 
during treatment 


Temperatui c A rigor with fever of over 101 °F occurred on the 4th day 

rigors with temperatures of 101° to 
102 F 1 hirty grams of quinine in solution were given on 17th day Another rise 
of temperature was present from the 29th to 32nd days due to a congested condi 
uo„ ot the lungs and , he pat.eni was g.ven 30 graL of qumme T&s 
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found that a single injection of sodium stovarsol was sufficient to stop a senes of 
febrile paroxysms in benign tertian malaria It also caused a rapid disappearance 
of P v\m\ from the peiipheral blood of patients, who had been artificial!) in- 
fected wit a this fever in the treatment of general paralysis of the insane 
Marchoux (1925) gives fuller details of these experiments, in which a single 
injection of 1 grin of sodium stovarsol was given hy the intravenous route to 
seven patients who had been artificially infected with P v\va\, and also to ti\o 
patients who had acquired this infection naturally in Africa These injections 
caused the disappearance of the parasites from the peripheral circulation in 
24 hours in all the cases, and are stated to have prevented relapse in six of the 
patients during an observation period of 2 months He then tried the drug in 
Algiers on patients, mostly children, suffering from natural infections with 
P vtmx, and again found the same marked action on the parasites, hut he gncs 
no information as to the effects of this treatment m preventing relapses at a later 
date 

This seemed a very promising line of treatment, so we started, in the spring 
of 1926, a research into the effects of the intravenous injection of sodium 
stovarsol in the treatment of benign tertian malaria, following on the cxpcrnnents 
already recorded on the oral administration of stovarsol (Sinton, 1926c) While 
these experiments were m progress, several other workers recorded results obtained 
by this form of treatment, but the number of patients treated and the details 
published are mostly few 

Ciuca and Alexa (1926) commenced with a preliminary dose of 0 25 grin 
of the drug intravenously and continued the treatment by daily injections, without 
exceeding a daily maximum of 1 5 grms Unfortunately, no precise details arc 
given of the duration of the treatment or the total amount of the drug adminis- 
tered by this method They found, however, that the schizonts and gainetocytcs 
of P vivav disappeared from the peripheral blood, even after a single minimal 
dose of 0 25 grm of the drug They also reported that all the cases receiving 
less than 1 0 grm relapsed during the first 10 days after treatment ceased 
Vialattc (1926), however, records his cases in greater detail He gave tlie drug 
in doses of 1 0 — 1 25 grms intravenously at intervals of 6 or 8 days for three 
doses Five cases of benign tertian malaria were treated in this way, and of these, 
three were lost sight of immediately after treatment, the fourth relapsed m the 
interval between the 2nd and 3rd injections and again 13 days after the 3rd dose, 
while the fifth patient relapsed 17 diys after the last injection These results 
were so discouraging that Vialatte resumed the oral method of administration o 
the drug, because he considered that a more prolonged treatment was necessary 

Mazza, Cossio and Aybar Albarracm (1926) report that m 17 patients with 
a single infection of P vivax, one injection of 1 0 grm of sodium stovarsol was 
sufficient to clear the peripheral blood of parasites for a month, while m one 
patient with a double infection, two injections were needed to-produce this resu 
Gravot (1926), writing from Morocco, records the treatment of 15 patients stiucr- 
mg from benign tertian malaria hy means of intravenous or intramuscular 
tions of the same salt He reports that a single injection will accomphsh a ra i« 
cure and advocates the intravenous administration of a dose of 0 5—1 0 
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Parasites —1st to 3rd +++ , 4th H — , 6th + — . 8th + + . 9th to 14th 
^ 28tli + , 29th -]-+ + ; 30th and 31st -f-+ , 32nd + , 33rd -1 , 50th and 

51st 4 — , 53rd — 

Spleen — Vide Table I 

Result — No relapse was recorded during observation 


Discussion on the Result op Treatment 

A Fever — It can be seen from the details given in tins paper and from the 
work of Walker (1924) and of Fletcher (1925), that patients, while undergoing 
treatment with large doses of Peracnna 303, often have acute febrile attacks 
These attacks may be so severe that quinine has to be given to control them , indeed. 
Walker (1925) had to abandon Peracnna treatment entirely and resort to quinine 
only, in about 20 per cent of his cases, because the ‘ provocative action ’ of Pera- 
cnna was said to be so severe 

One of Walker’s charts recorded a febrile reaction as late as the 48th day of 
treatment, and, among the patients whose histones are recorded m this paper, 
febrile attacks were present in some even up to the 78th to 80th days of treatment 
As can be seen from the medical histones, recrudescences of fever occurred among 
our patients even during periods when 12 pills were being taken each day, although 
this the dose recommended by the makers to reduce fever In Cases 1 and 2, 
however, no rise of temperature was observed while 15 pills were being taken daily 
over periods of 7 and 12 weeks respectively 

In any discussion of the effects of Peracnna treatment iri preventing 
febrile attacks in malarial patients, one must take into consideration the ex- 
perience of a large number of workers, that many cases of benign tertian 
malaria, more espeaally those of a chrome nature, will become afebrile ''if 
rested in bed and suitably dieted, even in the absence of any specific treat- 
ment 


The temperature charts in our cases resemble in many respects those 
given by James (1920) for cases of untreated malaria ’The earlier observa- 
tions of Caccmi (1902) are also of interest, for he found that ‘ every spnng 
tertian which is left to itself without the intervention of quinine treatment 
after a certain number of more or less regular febrile attacks, will in a 
certain number of cases present a sudden cessation of attacks* In other 
cases the attacks become irregular or simply increasingly rare, until they 
finally disappear’ ’ ^ 

Our cases are not quite comparable to such cases for they mostly received 
some quinine treatment at the times of fever For comparison 14 cases of 
chronic benign tertian malaria, under conditions similar to the Peracnna 
cases, were each given a single dose of 20 grams of quinine in solution at the 
time of a febrile paroysm In all of these, except one, the temperature fell 
to normal rnside two days, while the other case leqmred a further dose o 
30 grains of quinine These cases received no further treatment ond ^ ^ 

fully observed unt.l a febr.le relapse occurred It wasted tta^ thT' 
cases the average apyrexral penod rvas 19 7 days (maximum 62 days r^mm^ 
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(1926), containing 15 dnns (60 grms ) of sugar and 15 grains (1 grm) of 
sodium bicarbonate, was given by the mouth an hour before each injection and 
repeated one hour after the injection to protect the liver cells (Swton and Hughes, 
1924) All the patients were confined to bed while the course of treatment was 
in progress 

The patients in this group were divided into 3 series, which received the 
treatment recorded below 

1 Treatment SSI — A single dose of 1 0 grm of sodium stovarsol was 
given 

2 Treatment S S 2 — The patients undergoing this treatment were given 
1 0 grm of the drug on the first day, and the same dose was repeated on the 
third day, a total of 2 0 grms 

3 Treatment S S 3 — In this series, 1 0 grm of the drug was given on the 
first day, 1 5 grm on the third day, and a similar dose on the fifth day, a total 
of 4 0 grms 


Control Group 

Four series of control treatments were used, and as in previous expenmentS, 
the patients were allotted to tlie different senes in strict rotation 

1 Treatment Q C M — These patients were treated with the quimne 
sulphate, citnc acid and magnesium sulphate mixture, already described (the 
‘Mist Q' of Smton, 1926&) This mixture was given so that the patients 
received 30 grains (2 grms ) of the quinine salt daily for the first 2 weeks, and 
10 grains (0 6 grm ) daily for the next 6 weeks The total amount of quinine 
taken by each patient was 1,190 grains (77 grms ) ♦ 

2 Treatment M C M — These patients were treated with ‘Malarene,' 
which IS a standardised ‘ cinchona febrifuge ’ prepared by the Director of Agn- 
culture (Cinchona), Madras + ‘ Malarene’ was administered in a mixture similar 
to the quinine mixture mentioned above and it was given to each patient m 
amounts equivalent to 20 grains (13 grms ) of total alkaloids daily for 28 days 
The total amount of the drug taken by each patient was, therefore, 560 grains 
(36 5 grms ) 

3 Treatment C C M — The patients in this senes were given a mixture 
similar to that in the Q C M senes, except that the quinine was replaced by 
cmchomne sulphate The dosage of the mixture was such that each patient 
received 20 grains (13 grms ) of cinchonine daily for 28 days The total 
amount of cinchonine sulphate taken by each patient was 560 grams (36 5 grms ) 


♦This treatment is almost the same as the ‘standard treatment-’ of Bass (1922), e-scept 
that the initial dosage of 30 grams daily i\as continued for a longer period in our experiments 
t ‘ Cinchona febrifuge ’ is a mixture of the total alkaloids in the bark of Ctnchona 
succiriibra and, therefore, contains quinine, cinchonidine, quinidine, cinchonine, qmnoidine, ^ 
various impurities The usual commercial cinchona febrifuge varies in its composition, an m 
the nreoaration referred to above, an attempt has been made to standardise it, 
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suggest those seen m chronic cases of benign tertian malaria which are un- 
treated or received treatment only at the times of febrile attacks 

The presence of gametocytes in tke peripheral blood over such long 
periods is a much more serious consideration, for it means that patients taking 
Peracrma treatment may be potential sources of malarial infection in the 
mosquito and so of the spread of the disease If this be compared with 
quinine treatment, our experience and that of many other workers has been 
that 30 grams of quinine daily in solution will almost invariably free the 
penpheral blood of sexual forms of P vivax m four days and that 10 grains 
of quinine daily after this will prevent their reappearance, as long as this 
amount is being taken daily The fact that such quinine treatment, so long 
as it is carried out, will render patients harmless as far as the spread of the 
disease is concerned is a very important considerabon 

C Spleen — ^Walker (1924) records splemc enlargement in many of his 
cases and the after-histories of his patients show that the enlargement may 
persist over long periods, in spite of his treatment, and that it may even 
increase at times This has also been our experience with Peracrma, while 
our experience with quinine treatment in a very large senes of cases has 
been that quinine causes a steady decrease in size of the organ, and that the 
decrease occurs much more rapidly than with Peracrma (Table I) The 
presence of splenic enlargement is an important factor, especially amongst 
army patients, who cannot usually be given anything but very light duty m 
the presenpe of such enlargement 

D Weight — The weights of all the patients were taken each week and m 
spite of the fact that these patients were receiving extra diet in most cases. 
It was found at the end of treatment that eight of them had lost on an 
average 3^ Ib each, while the other two had gained on an average 2-| lb each 

Walker (1924) attributes the failure of the drug in some of his cases to 
the fact that most of the patients treated were from famine areas and hence 
were extremely weakened by hunger and other privations This, however, 
cannot be said of the cases recorded here, ivho were all well-nourished British 
soldiers It seems more probable that the good results obtained by Walker 
were in pait, at least, due to the fact that his ill-nourished patients were put 
to bed and given a generous diet m hospital 

E Rclapics— As can be seen from Walker’s paper the number of relapses 
amongst the 40 cases of benign tertian malaria whom he traced for some 
months was about 48 per cent Amongst our patients the relapse rate as 
delcrmmed by weekly examinations of the blood by the thick-film method 
over a period of 8 weeks aftei the cessation of all treatment, was 40 per 
cent, .p,te ot a treatment ,vh,ch Jasted on an average 81 days (49 to 112 davsl 

;o™cV;autt”' “ --t-n 

blood lor .5 consocuttve da>s Tbe^,r:;Tred^o ”7:etrr:f„’;rm 
S.V of our pal, cuts was Iron, 3/ to 93 days (average 72 days), and of these 
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4 Treatment C D C M — Twenty-one relapses were recorded among 
twenty-seven patients treated in this senes The observed relapse percentage was, 
therefore, 81 5 


Dtscitssion of Results 

It can be seen from the data given above that amongst 25 patients, treated 
with intravenous mj actions of sodium stovarsol in varying amounts up to a total 
of 4 0 grms in 5 days, twenty-three had parasitic relapses during the eight-week 
observation period, i e , an observed felapse rate of 92 per cent The average 
relapse rate among the 108 control patients treated with various cinchona alkaloids 
was only 73 1 per cent * All of the eleven patients, treated with one or two 
injections only, relapsed, while only two of the fourteen who received three 
injections of sodium stovarsol did not show parasitic relapses during the period 
of observation 

These results, unfortunately, do not fulfil the hopes which were raised by 
Marchoux's work, that two or three intravenous injections of this drug might 
permanently cure infections due to P vwax It will be seen by consulting the 
abstract of the work of other observers, given earlier in this paper, that our results 
more nearly approximate those' obtained by Vialatte (1926) than the more 
optimistic records of some of the other workers 

The Eeeects oe Stovaesoe on the Duration and Reappearance 
OE P invax IN THE Peripheral Blood 
The peripheral blood of all the patients of the stovarsol group was examined 
by the ‘thick-film’ method, immediately before the first injection was given, and 
hourly afterwards until parasites could no longer be found After this time the 
blood was examined daily for 5 weeks, and weekly afterwards up to the end of 
8 or 9 weeks, if parasites were not detected sooner 

Duration of parasites in the peripheral blood — The average durabon of 
parasites in the penpheral blood after the first injection of stovarsol m the 
25 patients was 19 8 hours (max 30 hours, min 5 hours) All tlie para- 
sites had disappeared before the time of the second injection No relationship 
could be found between the numencal prevalence of parasites in the peripheral 
blood and the rate of disappearance 

Tima of reappearance of parasites — In the case which received only one 
injection, the parasites were again detected after 72 hours Among the 10 patients 
who received 2 injections, parasites were absent on an average 20 3 days (max 
37 days, nun 12 days) after the last injection Of the 14 patients, who were 
injected thnee, two did not show parasites again dunng the observation period 


* The cure rate of only 25 per cent obtained in the quinine control senes is^ ^ 
removed from the 90 per cent cure rate claimed for the * standard treatment of Bass, in v, * 
even a smaller total amount of quinine is given It is possible, however, that if mahgnan 
tertian anfections (vjdi: Sinton, 1926Z7), or fresh infections of benign malaria v.ere ^ 
over such long periods that the 90 per cent rate claimed by Bass (1922) might be more near 
reached 
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In a previous paper of this series (Smton, 1926c) the results of experiments 
on the treatment of benign tertian malana by the oral administration of stovarsol 
were described The results which were recorded in that paper help to confirm 
the statements of other workers that this. drug, when given by the mouth, will 
produce the rapid disappearance Of Plasmodium vwax from the penpheral blood 
and also a ‘ chmcal cure ’ of the disease Unfortunately in the dosage used in 
our experiments, tlie claim that this method of administering the drug will 
produce a ' true cure ’ (i e , absence of subsequent relapses) was not borne out 
For this reason we have tned the sodium salt of the drug by intravenous injec- 
tion, in the hope that better results in the prevention of relapse might be obtained 


Other Work on the Intravenous Injection oe Sodium Stovarsol 
IN Benign Tertian Malaria 

Marchoux and Cohen (1925) first reported the beneficial effects of the 
intravenous injection of this drug m the treatment of malana These wofkers 

( 287 ) 
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very faintly and was irregular in shape and small m amount The chromatin 
retained its staining power much longer 

The impression which we got from a study of our preparations was that 
the parasite was being dissolved off the surface of the cell, rather than inside 
the cell as stated by Marchoux (1925) 

The Eeeects on Ceinicae Manieestations 
A Clinical Cure 

The claim that a ‘ clinical cure ' can rapidly be produced by the intravenous 
injection of sodium stovarsol, appears to be substantiated by our observahons 
The intravenous injection of two doses of this drug led to the disappearance of 
parasites from the penpheral blood and the absence of clinical symptoms for 
periods varying from 11 to 37 days 

This action of the drug might be of considerable use in the treatment of the 
acute symptoms of the disease, in patients to whom, for any reason, the adminis- 
tration of the cinchona alkaloids was contra-indicated 

B T emperature 

Duration of fever — ^As in our experiments with the oral use of this drug 
(Smton, 1926c), we have used the term ‘ fever’ to denote an oral temperahire 
of 99 5°F or over, and the ‘ duration of fever ’ to be the interval ivbich elapsed 
between the first administration of treatment and the time when the temperature 
fell below ‘ fever ’ level and remained down with po further febnle rise during 
treatment The temperatures were taken as a routine, daily at 7 a m and 4 p m , 
but more frequent observations were made when ‘ rigors ’ or other febnle symptoms 
were present or suspected The ‘ duration of fevers ’ was measured in periods 
of half a day 

Twenty patients or 80 per cent of the expenmental group , showed ' fever 
after the commencement of treatment, as compared with fifty-four patients or 
50 per cent in the control group The average ‘ duration of fever ’ among the 
patients treated by the intravenous injection of stovarsol was 0 52 days per case, 
as compared with 0 29 days in the control group 

Rigors — ^We have used tlie term ‘ rigor ’ to rdenote a rise of temperature of 
over 100°F accompanied by a distinct shiver In the expenmental group, nineteen 
patients or 76 per cent developed ngors within 24 hours of the commencement of 
treatment, as compared with forty-eight patients or 44 4 per cent among the 
control group 

Amongst the expenmental cases, the maximum temperatures recorded m 
two cases were 105 1° — 106'’F, in two cases 104 1° — 105°F, m seven cases 
103 1'’ — 104°F , in four cases 102 1° — 103®F , in three cases 101 1° — 102 F, 
and in one case 100 1° — 101 °F, as compared with one, four, fourteen, seven, 
thirteen and nine respectively, m each of these groups in the control cases 1 
these figures be analysed it will be seen that in 44 per cent of the expenmenta 
cases the maximum temperature lay between 103 i°F and 106°F as compare 
widi 17 6 per cent in the control group 
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of the drug, which he says suffices to clear the blood of parasites for several 
weeks 


Details oe Methods, etc , Used in the Experiments 

The routine procedure used during these experiments and the methods of 
control, observation for relapse, etc , were similar to those already described m 
previous articles of this series (Sinton, 1926fl, 19266) 

All the patients were young British soldiers of about 20--30 years of age, 
whose sojourn in India had averaged about 5 years each The experimental and 
control groups of patients were housed together and as far as possible they lived 
the same existence, i e , did the same amount of work, took the same amount of 
exercise in tlie form of games, parades and physical drill, and consumed the 
same diet All the patients were suffering from chronic mfections with P z>ivaa 
only, which had been treated with quinine on other occasions They had pre- 
viously relapsed on an average four times each No patient was treated unless 
F viva V had been found in Ins blood immediately prior to the commencement of 
treatment 

As in tlie previous experiments recorded in tins senes, the patients were 
treated and observed in a hill-station (Kasauli), under conditions winch precluded 
any chance of remfection during the course of the experiments (Sinton, 1926a) 


Treatment 

The patients were divided into two mam groups — an experimental group 
and a control one As in previous work the patients were allotted to the different 
series in strict rotation to avoid any personal bias in the selection of the cases 
The average number of previous relapses in the experimental group was 4 4 per 
patient, as compared with 4 2 in the control group, so there was little difference in 
tins respect between the two groups 

A preliminary purgation with calomel, followed by magnesium sulphate, was 
given as a routine measure to all patients before the commencement of any form 
of treatment 


Experimental Group 


The patients in this group were treated with intravenous injections of 
sodium stovarsol in the varying doses detailed below Each dose of the drug 
(10-15 grms ) was dissolved in 10 ccs of sterile distilled water before being 
injected into the veins in front of the elbow No other drug was used in the 


The nsk of arsenic having a poisonous action, on some of the different 
organs and tissues following the injection, was not overlooked With a view to 
preienting such dangers, the free elimination of arsenic from the bowel was 
ensured bj the adtn,m,trat.on o! 60 grams (4 grms ) of magnesmm sulphate 
ly uring treatment In addition the solution recommended by Harrison 
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10 a m and in ever}^ case the temperature had fallen to normal before 7am 
on the following moniing In only one case did tlie temperature again rise above 
99 5°F after this time Tins was in a very chronic infection with P vivax in 
which the temperature rose to 100 6°F on the day following the first injection, 
but was normal on the next day with no subsequent febrile rise 

A careful study was made of the hour and day on which fever occurred 
among the patients before treatment was commenced No relationship, however, 
could be traced betiveen the febnle reaction which followed the intravenous in- 
jection, and any febrile reaction produced by the parasites on either of the two 
days preceding the commencement of treatment One patient had a temperature 
of 103°F due to a malarial paroxysm on the day previous to lus injection and 
his fever had fallen to normal by 10 a m the next morning when the injection 
was being given, but it rose again to 103 2" F less than 3 hours later 

One patient, who was probably at the commencement of a maknaJ paroxysm, 
had a temperature 99° F when his first injection was given His temperature 
rose to 102 6°F in 80 minutes, was 104°F after 2 hours and 105 8°F after 
4 hours, but had fallen to normal again in less tlian 9 hours A second injection 
given to this patient two days later, failed to provoke any febrile reaction A 
similar case, in winch the oral administration of stovarsol at the commencement 
of a malanal paroxysm provoked an excessive reaction, was noted in a previous 
paper (Sinton, \92,6c) 

No definite relationship could be made out between the numerical prevalence 
of malarial parasites m the penpheral blood before the injections, and the degree 
of febnle reaction provoked by the treatment The degree of febrile reaction 
in malaria, other things being equal, is probably proportional to the amount of 
malanal protein liberated into the general circulation at any one time The 
evidence available seems to indicate that stovarsol has a destructive action on all 
stages of development of P vivax, but more especially on the larger forms The 
amount of malarial protein liberated by the action of the drug will, therefore, 
depend on the actual size of the parasites destroyed as well as their numerical 
prevalence, so a small number of fully developed parasites might produce a larger 
amount of foreign protein than a greater number of very small parasites 
It IS, of course, impossible to estimate the amount of malarial protein liberated, 
but in our cases the degree of febrile reactibn seemed to be greater when large 
' parasites were present before injection, than when there were present only small 
forms in equal number The febnle reaction was usually greater also when there 
was a double infection than when a single one was present This may explain the 
failure to discover any definite relationship between the numerical prevalence of 
parasites and the degree of febrile reaction 

These results confirm the previous findings that stovarsol has a provocative 
action on temperature, and indicate that the drug should be admimstered with 
caution when it is suspected that a malanal paroxysm is imminent The provo- 
cative effect is probably due to the large amount of ‘ toxin ’ liberated by tlie great 
destruction of stages of the parasite This point has been discussed in another 
paper (Sinton, 1926c) 
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4 Treatment C D C M — These patients were treated exactly like the 
last senes except that cmchonidine sulphate was us^ instead of cinchonine 
sulphate The total amount of the drug given was 560 grains (36 5 grms ) to 
each patient during a penod of 28 days 


Ths Ep^Scts o]? Treatment in Preventing Relapse 
As in our previous experiments ( Sinton, 1926a) , the criterion of ‘ relapse 
was the finding of parasites in the penpheral blood, irrespective of the occurrence 
or absence of associated clinical symptofhs The ‘ thick-film ’ method was used 
to examine the blood m all cases In the experimental group, daily blood examina- 
tions were made up to the 35th day and weekly ones subsequent to this time 
The examinations were continued up to the end of 8 weeks after the cessation 
of all treatment or until ‘ relapse ’ was detected, whichever happened first In 
the control group, weekly blood examinations only were made, up to the end of 
the 8th week of observation after treatment Any patient who did not ‘ relapse ’ 
during this observation period of 8 weeks was considered as ‘ cured ’ This point 
was discussed in full in a previous paper (Sinton, 1926a) All the relapses 
recorded here were due to P vivax 

/ 

Results in the Uvperimmtal Group 

1 Treatment SSI — The only patient included in this group developed 
jaundice after his first injection of stovarsol, so it was thought inadvisable to 
give any further injections He relapsed on the 3rd day after the cessation of 
treatment 

2 Ticatment S S 2 — This senes contained 10 patients, all of whom re- 
lapsed during the period of observation The relapses were first detected on the 
following days of observation ^fter the completion of treatment — one on each 
of the 12th, 13th, 15th, 16th, 22nd, 31st, 35th and 37th days and two on the 
11th day The total relapse rate was therefore 100 per cent 

3 Treatment S S S — Fourteen patients were treated in this senes, and of 
them 12 relapsed during the period of observation These relapses were first 
detected on the following days of observation after the end of treatment —one 
on each of the 10th, 14th, 15th, 24th, 42nd and 59th days and three on each of 
the 12th and 1-3 th days The remaining two patients, who did not relapse com- 
pleted eight and nine weeks of observation, respectively The observed, relapse 
rate was, therefore, 86 7 per cent 


Piesuits m me Control Gtoicp 

1 Ticatment Q C il/ -Twenty-one out of the ' twenty-eight patients 
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administration It is advised that the amount of alkali should be increased in 
patients receiving stovarsol treatment over longer periods 

The indirect toxic action of the drug has been discussed in the section 
dealing With its provocative effects 

Conclusions 

From the treatment of 25 cases of chronic benign tertian malaria, the results 
obtained under the conditions of our experiment, lead us to arrive at the follow- 
ing conclusions — 

1 That the intravenous injection of sodium stovarsol in varying doses up 
to a total of 4 grms during 5 days have only produced a ‘ true cure ' in a very 
small percentage of cases and has not confirmed tire encouraging results claimed 
by other workers m this respect 

2 That the intravenous injection of 1 grm of sodium stovarsol will cause 
tlie disappearance of P vivax from the peripheral blood and a ‘clinical cure’ m 
the majority of cases Such treatment may, therefore, be of value in acute 
infections where other drugs are contra-indicated 

3 That the drug does not seem to have as rapid an effect m reducing 
splenic enlargement as have the cinchona alkaloids 

4 That the primary injection of stovarsol may have ‘ provocative action,’ 
evidenced by the production of febrile symptoms in many cases 

5 That precautions should be taken to prevent the toxic symptoms which 
sometimes follow the administration of this drug 

My thanks are due to the Director of Medical Services in India for tlie 
facilities which he has placed at my disposal for carrying out this work I am 
unable to express adequately how deeply I am indebted to Major W Bird, R a m c , 
for the great help which he has given me in conducting these trials 

Note — Since this article was sent for publication a paper by Gudnn, Borel 
and Adviser (1927) {Bull Soc Path E\ot , XX, 4, pp 331 — 337) has come 
to hand, on the results of the treatrrient of malaria with intravenous injections of 
stovarsol The drug was given in a single dose of 1 grm to each case Ten 
cases of infection with P vivax, five with P falciparum, three with P malancB 
and one with botli P vivax and P falciparum were treated These workers 
found that stovarsol did not affect either P falciparum or P malaricc 

They found m the benign tertian cases that (a) stovarsol acts on cases due 
to P vivax, th) a.11 their cases relapsed inside 2 months after the end of treat- 
ment, (c) the injection was followed inside 18 hours by a nse of temperature 
in the majority of cases and (d) even, if tlie drug does not produce a permanent 
cure, it has a marvellous and rapid effect in producing a clinical one 

Their description of the action of the drug on P vivav in the peripheral 
blood is very similar in most points to that given in this article 

They also prtiduce evidence in favour of a ‘ provocative ’ action of the drug 
and found that no aggravation of febnle symptoms o(5curred after its injection 
into healthy persons, into persons sick with maladies other than malaria, nor in 
malaria other than the benign tertian form 



J. A. Stnton. 


293 


of 8 or 9 weeks, while among the other 12 the average number of days dunng 
which parasites could not be found was 23 9 (max 59, min 10) 

The rapid disappearance of P mvax from the penpheral blood after one 
injection of stovarsol confinns the findings of Marchoux (1925) and of other 
workers, but as shown by our results the disappearance is usually only a tem- 
porary one and is not the result of the destruction of all the parasites in the body, 
for these reappear at a later date in the majority of cases 


Thf Epfscts of Stovarsoi< on Plasmodium Vwax 
Marchoux (1926) followed the action of the drug on P vvuax in blood 
slides taken hourly He says that the action is not rapid but is progressive The 
first parasites to disappear were the pigmented^ forms, which usually could not be 
found after 6 or 8 hours The younger forms were more resistant Ciuca and 
Alexa (1926) failed to find any difference betw^een the sensitiveness of the small 

forms as compared with pigmented forms 

Marchoux (1925) states that the process of destruction is not a fragmenta- 
tion as in the case of quinine There is first produced a condensation of the 
protoplasm and of the chromatin Later, the protoplasm loses the power of 
retaining stains and melts away The nucleus at this ^period is still dense and 
well coloured and apparently more voluminous than in the normal parasite It 
is covered with a thin shadow of the protoplasm ‘ It ends by dissolving entirely 
inside the red blood cell without affecting the latter, for one sometimes sees red 
cells with Schuffner’s stippling but devoid of parasites ’ 

We followed the course of the destruction of the parasites by hourly thin 
films m a number of cases Our experiments bear out Marchoux’s contention 
' that this drug has a marked action on the larger pigmented parasites in the peri- 
pheral blood This was especially seen in one case where gametocytes, mostly 
female, were present in every other field of the thin film before injection and 


could only be found with very great difficulty at the fourth hour after injection, 

although ring-forms of the parasite were still present 

The effect on the smaller forms was very curious The first effect noted, 

about an hour after injection, was an increase in size of tlie vacuole, a thinmng 

of the protoplasm and a deeper staining chromatin dot At the 4th-6th hour the 

protoplasm of the ring-forms had become very thinned and m many cases was 

broken up into fine connected strands, sometimes with a ragged, cobweb-like 

appearance The vacuole, if present, was very large and the chromatin seemed 

to be more deeply stained than normal Another cunous finding at this period 

Avas a large number of accold forms, and many times double and treble infections 

of single cells u^re observed, although this had not been found before injection 

1 any of these forms and of the surviving larger forms seemed to be distinctly 
extracellular m position uistuiv.iiy 


""P'S™'"*"! ““M be found for several hours after the 

nZl m„ch<hnun.shed » 

of these rounTfo™, „ 1 T ™ 

- .b« o„„ sntatl fomas could be found A. th.s penod L proUCs^S 
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Several of the patients m the experimental group had very ^rked rigors, 
which appeared to be more severe than those usually seen in patients suffenng 
from chronic benign tertian malaria in our experience Among the experimental 
group one other patient, and amongst the control group ten other patients, 
showed temperatures of 100°F or less at some time during treatment but 
developed no distinct rigor 


C , Splenic Enlargement 

Tardres (1926), from the treatment of s'bme cases of benign tertian malaria 
with stovarsol, concluded that this drug had not the same power in reducing 
splenic enlargement as had q^uinme Ciuca and Alexa (1926) found that they 
never got complete reduction of the splenic enlargement with stovarsol 

Among our cases the spleen rate was 40 per cent in the stovarsol group before 
treatment, as compared with 37 per cent in the control group treated with the 
cinchona alkaloids At the end of one week from the commencement of treat- 
ment, the rates were 20 per cent and 9 2 per cent respectively The changes 
noted, in the sizes of the spleen before treatment, as compared with the sizes after 
one week from the commencement of treatment, were that in the stovarsol group 
8 per cent had increased in size, 32 per cent had diminished and 60 per cent liad 
shown no change, while in the control group the percentages were 0 9, 34 2 and - 
64 9 respectively 

The average enlargement, in finger-breadths beyond the costal margin, of all 
spleens in the stovarsol group was 0 56 before treatment and 0 2 after one week, 
as compared' with 0 47 and 0 046 in the control group 

These figures go to show that stovarsol has not the same power m reducing 
splenic enlargement as have the cinchona alkaloids 


The Provocative Action oe Stovarsoe 

The opinion which we formed from the oral administration of stovarsol m 
benign tertian malaria was that ‘ this drug may possibly have an effect in provok- 
ing a febrile reaction’ (Smton, 1926c), and this opinion appears to be confirmed 
by the results which we h^ve obtained with the intravenous injection of the 
sodium salt of this drug 

The results recorded while discussing temperature, show that amongst our 
patients the intravenous injections of stovarsol not only caused a longer average 
‘ duration of fever,’ a higher percentage of ‘ rigors ’ and a higher degree of tem- 
perature than in the control group, but also a larger proportion of cases showed 
‘ fever ’ after the commencement of treatment 

A feature, which was very noticeable after injection, was the marked and 
sudden character of both the rise and the fall of the temperature In one case 
the temperature rose from normal to 105°F inside 20 minutes from the time of 
the first injection The average time which elapsed between the injection and 
the commencement of a rigor was about 2 hours and the maximum temperature 
was reached on an average 2 hours later The injections were all made about' 

* It is interesting to note that it is during these first fr.„r u TT ^ ' 

greatest destruction of parasites occurs (vide The effects of stoi^rsol m 
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Shipley In the present paper the nomenclature of Nuttall and Shipley is follow- 
ed, i e , the anterior portion is termed the buccal cavity, and the posterior portion 
or ‘pumping organ,’ the pharynv 

The structure of this part of the food channel is highly complex, and can 
best be understood by a reference to Plate XXIX, figs 1 and 2 

In potash specimens the buccal cavity (BC ) is seen to be formed by two 
plates of chitin, a dorsal and a ventral, which are probably closely approximated 
m the resting position of the insect The dorsal plate is thickened anteriorly and 
posteriorly, whilst the intervening portion is membranous The anterior thick- 
ening (PI) occupies the centre of the roof only, the lateral portions of the latter 
being membranous It resembles a trowel m shape, and was called by Nuttall 
and Shipley the ‘ hard palate,' and by Thompson the ‘ anterior hard palate ’ It 
ends posteriorly m a senes of transverse folds of chitm, the appearance of which 
m longitudinal section suggested to Annet, Dutton, and Elliott the term ‘taste- 
papillae ’ From the centre of the anterior hard palate a group of about 4 stout 
'spines projects downwards into the buccal cavity, the ‘palatal papillae’ (PP ) 
From 6 to 10 similar spines, the ‘ dorsal papillae ’ (DP ) project from the mem 
branous portion of the dorsal plate These are situated on either 5 ide of the 
anterior hard palate, with the exception of the last pair, which he posterior to it 
Behind the membranous portion the dorsal plate again becomes abruptly thickened, 
forming the ‘ posterior hard palate ’ of Thompson (P2) In the centre of this 
tliere is a more darkly chitinised portion, the ‘ pigmented area ’ ()PA ) The 
number of the dorsal papillae and the shape of the pigmented area vary in the 
different subgenera 

The ventral plate of the buccal cavity of the anophehnes is composed through- 
out of model ately thick chitin, and is carried up laterally to unite with the roof 
Posteriorly there projects from its under surface a flange, the ‘ventral flange' 
(VF ), which m some species is divided down the centre into two portions This 
flange senses for the attachment of the muscles of the salivary pump (SP ) 
A short distance from the point where the buccal cavity joins the pharynx a row 
of 4 papillse, the ‘ ventral papillse ’ (VP ), projects into the cavity from the ventral 
plate At the bucco-pharyngeal junction the lumen of the food channel expands 
considerably (BPJ ), and is bounded laterally by two large chitmous wings, the 
‘lateral flanges’ (LF ), arising from the ventral plate There is a considerable 
angle at this point, which is more acute in the male than in the female Dimmock 
considered that this formed a valve, which he thought prevented regurgitation of 
fluids into the mouth during the pumping process The chitinuous wall here 
becomes membranous, and forms a hinge, which allows a certain amount of 
mo\ement On the dorsal wall of the bucco-pharyngeal membrane there are 
usually seen a number of small ridges, the ‘bucco-pharyngeal ridges’ (BPR ), 
cadi of whidi bears from 4 to 6 very minute spines 

In the case of all the Anophehnes which we have examined, ivith the excep- 
tion of those belonging to the subgenera Btroiiclla and Anopheles, there is m the 
female a bucco-pharyngeal armature consisting of a row or rows of stout dntmous 
processes or ‘teeth’ (T ), projecting from the tluckened posterior end of the 
^entral plate of the buccal cavity into the lumen of the food channel These 
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Yorke and Macfie (1924) have discussed the mechanism of radical cure in 
malarial fevers and give as their opinion that ‘ quinine given to a pa^tient whose 
blood contains numerous malaria parasites invariably destroys direct y, or more 
probably indirectly, large numbers, but not all, of the parasites, thus setting free 
a considerable quantity of soluble antigen The antigen provokes by stimulation 
of the host’s tissues the formation of immune-body Thq immune-body, if present 
in sufficient amount, destroys the remaining parasites, thus resulting in sterilisa- 
tion of the infection and cure of the patient’ If, for any reason, the patient is 
unable to produce sufficient immune-body he develops a chrome relapsing 
infection 

This hypothesis is of interest m relation to stovarsol, which by its action on 
all stages of the parasite should set free a larger amount of ‘ soluble antigen ’ 
than does quinine, which is believed to act mainly on the smaller forms of the 
parasite The idea that stovarsol probably sets free a large amount of ‘ malana 
toxin ’ or ‘ soluble antigen ’ is supported by the provocative effects produced by 
this drug 

If the idea of Yorke and Macfie is correct, we would expect that, in fresh 
cases of malana, stovarsol might have a greater curative power than quimne on 
account of the larger iSroduction of antigen The work of Marchoux (1925) 
with experimentally infected patients supports tlie idea that the drug will cure a 
large number of fresh cases, but this requires confirmation The poor results 
obtained in our experiments may perhaps be explained by the inability of these 
chrome cases to produce immune-body, in spite of a larger production of antigen 
Vialatte (1926), however, thinks that the future of stovarsol, as compared with 
quiuiiie, may he rather m tlie treatment of clironic infections than of acute ones 


Toxic Expects of Stovarsoi, 

As with the otlier arsenical preparations a number of toxic effects of varying 
degree have been recorded following the administration of stovarsol Vialatte 
(1926) notes that different workers have reported colic, diarrhoea, erytliema, 
urticana, ocular troubles, tachicardia, vertigo and collapse following the use of 
this drug He records cases of glycosuria and erythema among his patients 
Ciuca and Alexa (1926) found that 9 out of 27 patients treated by them with 
stovarsol for malana developed acute nephritic symptoms, which disappeared 
when the drug was discontinued For this reason they recommend a daily 
examination of the unne and that the drug should be stopped on the first 
indication of renal trouble 

Amongst our patients the only one who showed any s.gns of Wmta was 
the case in Treatment S S 1 who developed jaundice Although the urine of 
all our was examined before each injection, on no occasion was albmmnuna 
found The absence of toxic effects in cur patients may have been dnTto tl e 
protective action of the glucose solution on the liver (Sinton and Hnvbcs 

and of the alkali on the kidneys (Sinton and Lai, 1924), as wef^as' to ffie 
magnesium sulphate purgation ^ ^ 

It, therefore, seems advisable that this proohvlarftp 4 
given to all patients treated mth stovarsol irrespective of fc'iod of 
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Buccal Cavity of Anophehne Mosqmtoes 


Lateral Flanges vary m size 

Bncco-phryngeal Ridges form a single row, and are comparatively 
poorly developed 

A Group Anopheles (Plate XXX, figs 5 and 6) 

The following species were examined — 

A aitkenn 
A cuhcifomiis 
A btfnrcatus 

A plunibetis var bauanensis 
A nweiihp emits 
A hndesan 

A gtgas var sinilcnsts 
A hyreanus var ntgerrtnnis 
A nmbrosus 
A barbtrosfris 

All these species confonn to the description given above 

B Group Clmstya 

No specimens available 

C Group Arnbalsaqia (Plate XXX, figs 7 and 8) 

Species examined — 

A puncttniacnla (one specimen only) 

The whole Buccal Cavity and Pharynx were on a much larger scale than m 
Group Anopheles The Pigmented Area was wider and more oval in shape, and 
the Biicco-phai yngeal Ridges more poorly developed The Lateial Flanges were 
very large In other respects this Group resembles Group Anopheles very 
closely 

IV Subgenus Myzomyia (Plates XXI and XXXII, figs 9 to 22) 

The morphology of the buccal cavity and bucco-pharyngeal junction m this 
subgenus is much more complicated than m any of the other subgenera The 
Groups all conform to a similar general plan except in the case of N eomycomyia, 
which differs from the others so markedly that were the classification of Anophe- 
Imes to depend on this feature alone it would apparently form a separate 
subgenus 

General Characters of the Subgenus — 

Bucco-pharyngeal Armature very complex As regards the first 4 Groups 
the appearance of ‘ rods and cones ’ noted by Annett, Dutton and Elliott in the 
case of A costalis perhaps gives the most apt descnption The teeth are arranged 
in two rows, those in the anterior and dorsal row, the ‘ cones,’ having a bulbous 
base surrounded by a series of short spines (Plate XXXI, figs 11, 15 and 23) 
From the centre of these spines, as from the middle of a rosette, arises a long 
tooth curv'ing backwards and upwards Seen from above the end of the tooth 
looks blunt and often bifid, but in specimens where a tooth has been separated it is 
seen to be long and pointed VHien separate teeth are viewed laterally, there is 
seen to be a projection behind the bases of the teeth, which carries a tuft of 
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shorter than m the case in the previous group, and their bases are more rounded 
They carry two spines, one behind the other (Plate XXXI, figs 16 And 17) 

In other details this group conforms to type 
Spec'ies cvamti\ed — 

A Stephens! 

A fiilujmosus 
A phlippinensis 
A palhdus 
A maculatus 
A wtllmori 
A theobaldi 
A jamesii 
A ramsayi 

A inacnhpalpn var vidicnsis 
A karwan 

C Group Cclha (Plate XXXII, figs 19 and 20) 

Species examined — 

A pnlchernmus 
A pharoensis 

A pnlchernmus resembles the Ncocclha Group very closely as regards the 
buccal cavit} and bucco-pharyngeal junction Only one specimen of A pharoensis 
was examined, and this appeared to resemble rather the Pscudomysomyia Group, 
but a more detailed study of other specimens is necessary 

D Group Pscudomvsomyia (Plate XXXII, figs 21 to 23) 

Special Features — 

Bucco-pharyngeal Ai mature The ‘cones’ have long narrow bases anterior 
to the bulb, and the general alignment of the base from which the teeth arise shows 
a more pronounce cuiw^e than m an) other Group examined (Plate XXXII, fig 22) 
The Pigmented Area (iPdate XXXII fig 21) differs in shape from that of 
the other Groups of this subgenus 

The Lateral Flanges are very large 
Species examined — 

A subpictus 
A vagus 
A ludlozvit 

A liidlown var snndaica 
"^A christyi 

A specimen fro‘m Celebes believed to be A parangensn was also examined, 
and appeared to conform to the characteristics of this group 

E Group N comysomyia (Plate XXXIII, figs 24 and 25) 

As mentioned above, the members of this Group differ very markedly from 
the other Groups placed in this subgenus They appear to be more closel> allied 
to the subgenus Nyssorhynchus than to Mysoinyta 

♦This species was proiisionally placed hj Chnstophers (19Z4) in the Group Fcomyzom^ta, 
but the characters of the buccal ca\itj m the specimen examined bj us clearlj place it m the 
Pscudom^com^ta Group 
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AdlRR and Theodor (1926) drew attention to the peculiar morphology of 
the postenor portion of the buccal cavity m the genus Phlchotomus Since that 
time one of us (Smton, 1927) has confirmed the great diagnostic value of this 
feature in differentiating the vanous members of the ‘ recumbent-haired ’ group 
of this genus It seemed possible that similar features of diagnostic value might 
also be found to exist in mosquitoes 

Technique Employed 

The speamens were macerated in potash, stained with carbol fudisin and 
after dehydration dissected in tliin Canada balsam, so as to isolate the buccal cavity 
and pharynx from the rest of the head The best preparations were found to 
be those in which the dorsum of the clypeus was removed Complete speamens 
of the pharynx with the buccal cavity attached and of tlieir different component 
parts were mounted and examined 


General Description of the Buccal Cavity 
The part of the ahmentary canal of the mosquito which traverses the head 
IS divided into two portions The antenor of these, which is directed upwards 
and badnvards from the base of the proboscis, was called by Dimmock (1881) 
and Thompson (1905) the ‘pharynx,’ by Annett, Dutton and Elliott (1901) the 
‘ ascending portion of the pharynx,’ and by Nuttall and Shipley (1903) the 
‘buccal cavity’ The postenor horizontal portion, of ‘pumping organ’ was 
termed tlie ‘ oesophagus ’ by Dimmock and Thompson, the ‘horizontal portion of 
the pharynx by Annett, Dutton and Elliott, and the ‘pharynx’ by Nuttall and 

( 301 ) 



308 Buccal Cavity of Auopliehue Mosquitoes. 

Spen-es examined — 

A albimanus 
A aigyrttarsis 

B Group Kertesma (Dendropcedium) 


No specimens of this Group were available for examination 

Discussion 

The classification of the Anophelines is now recognised to he based on the 
characters of the male genitalia The various steps by which the classification 
used 111 the last section have been arrived at are discussed by Christophers (1924) 
His division of the Anophelini into the five subgenera — BironcIIa, CJiagasia, 
Anopheles, Myzomyia and Nyssorhynchus — seems to be generally accepted 

As may be seen from the description given above, such a classification is 
largely confirmed by a study of the morphology of the buccal cavity in the female 
The subgenus Btronella appears to be very closely related to Anopheles, as was 
noted by Edwards (1924) These two subgenera are quite distinct from the 
others in that they possess no bucco-pharyngeal armature 

The subgenus Mysomyia has on general characters been divided into five 
groups, namely, Alysoniyia, Pseiidomyzomyta, Neocelha, Cellia and N eomysomyw 
As regards the morphology of the buccal cavity the first three, though alike m 
general characters, show certain differences which will require further careful 
study With regard to the Cellia Group, the only species of which a number of 
specimens was dissected (i e , A pulchcrrimus) showed very little if any difference 
from the Neocelha Group The members of Group Neomysomyta, however, 
show very marked differences from any other Groups in this subgenus, and 
appear to be nearer to the subgenus Nyssorhynchus than to Mysomyia 

The character of the bucco-pharyngeal armature in the subgenus Nyssoryuchui 
marks it off very clearly from any of the other subgenera examined 

The specimens examined have been mainly Indian, and it will be interesting 
to see whether the examination of large senes of species from other countnes will 
confirm these findings 

It seems possible that the study of the morphology of the buccal cavity may 
turn out to be of assistance in differentiating species as well as suligenera and 
groups, and further work on these lines is in progress 
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teeth are so arranged that they form a kind of sieve between the buccal cavity 
and the pharynx, mto the commencement of which the former is mvagmated 
at this point These processes were described by Annett, Dutton and Elliott m 
the case of A (My::omyia) costahs Nuttall, Shipley and Thompson noted 
that they were not present in the case of A (Anopheles) inacnhpennts and 
A (Anopheles) pnncUpenms respectively 

This armature is absent m the males of all the species of Anophehnes which 
we have examined As regards Cuhemes, small ‘ teeth ’ are present in Culev, 
but are absent m the other genera so far examined Further investigations on 
this point are m progress 

The bucco-pharyngeal armature is a very complex structure, and Jts exact 
function IS doubtful Annett, Dutton and Elhott considered that it assisted in 
the valvular action of this part of the food channel, but they also pointed out 
that such specialisation in structure would lead one to suppose that it possesses 
also a sensorjf function 


The Morphology op the Buccal Cavity in the Dipferent Subgenera op 

Anophelines 

We have examined examples of 52 species of Anophehnes, representing all 
the subgenera except Chagasia The results of this investigation are given below, 
the species being arranged according to the classification given by Christophers 
(1924) 


I Subgenus Bironella (Plate XXX, figs 3 and 4) 

Species examined — A hironclh (one specimen only) 

Characters — 

Bucco-pharyngeal Armature' absent 

Dorsal Paptllcc 12 ’ 

Ventral Papilla: arranged m a group of 4, which seems to be placed on 
a slightly raised area 

Pigmented Area elongated, with a, circular posterior portion cut off bj 
t a narrow waist from the mam part 

Posterior Hard Palate shaped like an inverted egg-cup 
Lateral Flanges poorly developed 
No Bucco-pharyngeal Ridges could be made out 


II Subgenus Chagasia 

No spec, mens of this subgenus were available for exammation 

m SOBGENDS Akophei.i!s (iPlate XXX, figs 5 to 81 
Characters — b i 


Bucco-pharyngeal Armature absent 
Dorsal Papdla: 8 to 10 (Plate XXX figs 
Ventral Papdlee the ‘usual four 
Pigmented Area a band extending down 
palate 


6 and 8) 

the middle of the postenor hard 


Posterior Haid Palate shaped like 


a truncate^ cone 



Expi^anation- op PivATE XXIX 

Fig 1 Dorsal view of Buccal Cavity and commencement of Pharynx of an 
Anophehne Mosquito (Subgenus Mysomyia, Group Pseudoiny- 
zomyia) 

„ 2 Optical median section of Buccal Cavity and commencement of Pharynx 

of an Anophehne Mosquito (Subgenus Mysomym, Group Pseudo- 
myscnnyxa) 



305 


J. A, Smton and 0. Coveil. 


hairs or spines (©late XXXII, fig 23) The ‘ cones ’ are from about 12 to 24 in 
number The ‘ rods ' (Plate XXXII, figs 12, 16 and 17) are much narrower 

teeth seen below and behind the intervals behveen the ‘ cones ’ Tike the latter 

they are curved and have pointed ends The bases, which are bulbous, are 

partly hidden by the bases of the ‘ cones ’ In some cases the rods have two 

spikes, one behind the other (Plate XXXI, fig 17) 

The Dorsal PaptUw m all the Groups are 6 m number, the posterior pair 

being usually widely separated from the others 
The Ventral Paptflce are 4 m number 

The Pigm.cn ted Area vanes in shape in the different Groups (vide Plate 
XXXI, figs 10 and 13 and Plate XXXII, figs 20 and 21) 

The Posterior Hard Palate is more or less rectangular m outline, but in some 
cases It has a slight transverse constriction about the middle (Plate XXXI, fig 13) 
The Bucco-pharyngeal RHges are well-developed, and are seen as rows of 
wave-hke lines behind the teeth From each of these projects a row of small and 
very slender spines, which from above look short (iPSate XXXI, figs 9 and 14 and 
Plate XXXII figs 19 and 22), but which in dissected specimens are found to be of 
considerable length (Plate XXXI, fig 18) 

The Lateral Flanges are in most cases well-developed 
A Group Myzomyia (Plate XXXI, figs 9 to 12) 

Special features — 


Bucco-pharyngeal Armature The ‘ cones ’ have a short thick base, which 
ends m a arcle of coarse serrations, from the centre of which arises a long, stout 
cutved tooth The ‘ rods ' are also long and thin On the inner sides of the 
chitinisation of the Lateral Flanges arise several stout teeth (Plate XXXI, fig 9) 
The other structures conform to the general description of the subgenus 
Species examined — 

A rhodesiensis 
A culicifacies 
A listonii 
A minimus 
A aconitus 
A jeyportensis 
A iurkhudt 
A multicolor 
A superpictus 

All the above species appear to belong to this Group, except the last three 
whicli will require further investigation ’ 

B Group Neocelha (Plates XXXI and XXXII, figs 13 to 181 

Special features ^ — ■' 

“ ““h rounded base 

are long and rarved, with shT'potes and Trayed edgef Teln f r'om ' f 
tur„ed-„p ends appear Infid or tr.fid (Plate XXXI fig fs) Th” a“ 
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The Bncco-pharyngeal Ar^uoiure has not, the rod and cone a g 
the suhgenus Mysomyta, but consists of a row of about 10 large pectenate 
arising from stout bases, separated from one another by distinct intervals T 

bases of the teeth carry small spines laterally 

The Posterior Haid Palate is usually more highly chitinised than in the other 
Myzomym Groups, especially m the case of the Australasian members of the 
Group In some specimens traces of the ‘ cobblestone pavement seen in t e su - 

genus MyssorhyncJins can be made out , , 

The Biicco-pharyngcal Ridges are placed m rows posteriorly to the teeth, but 
are arranged m two groups, one on either side In the Australasian members of 
the Group these ridges are developed into short tongue-hke projections covered 

with spines 

Species examined — 

A aureosquamiger 
A ktngt 
A watsom 
A leucosphynis 
A tessellatus 
A kochi 
A piinctulatns 
A annultpes 

A madersi = annultpes) 

A amicfus 


V SuBGCNUs Nyssorhynchus (Plate XXXIII, figs 26 to 28) 

A Group Nyssorhynchns 
Characters — 

Bucco-pharyngeal Armature This consists of two rows of teeth ansing from 
a stout semilunar chitinous plate The first row is composed of 20 or more small 
stout sharply pointed teeth with broad bases, disposed m groups of two or three 
The other teeth are very large, with jagged edges, each arising from a common 
base with one of the groups of teeth already mentioned The teeth are recurved, 
so that their ends are directed fonmfds, a feature which is seen in no other sub- 
genus eijammed i 

^ The Dorsal Papilla; are 6 to 8 m number At the end of the Anterior Hard 
Palate is a single papilla in the middle line, which may be separate from or placed 
on a narrow extension of the palate 


The Ventral PaptllcB are present, but are difficult to see, being obscured by the 
thick chitimsahon m this situation 

The Pigmented Area is somewhat ‘ hour-glass ’ in shape 

Th^ IS tongue-shaped, with a constriction near the tip 

The postenor portion beyond the pigmented area is covered with small bosses o^t 

of I""' appearance of a ‘ cobblestone pavemenh' This end 

oark brown, almost black, chitm (Plate XXXIII fig 28 B I ^ 
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A 
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Explanation op Plate XXXI ^ 

(Myzomyta) cxdtcifacies Dorsal view of Buccal Cavity and com- 
mencement of Pharynx 

(Mysoinyia) athafactes Dorsal view of Bucco-pharyngeal Junction 
{Myzomyta) cnltctfacies Antero-dorsal view of a separate ‘ cone ’ 
tooth 

{Myzomyta) cuhcifactes Antero-dorsal view of a separate ‘rod’ 
tootli 

{Myzomyta) stepJieiisi Dorsal view of Buccal Cavity and com- 
mencement of Pharynx 

{Myzomyta) stcphenst Dorsal view of Bucco-pharyngeal Junction 
{Myzomyta) stephensi Antero-dorsal view of a separate ‘cone’, 
tooth 

{Myzomyta) stephenst Postero-ventral view of a ‘ rod ’ and ‘ cone ’ 
{Myzomyta) stephenst Lateral view of a separate ‘ rod ’ 
{Myzomyta) stephenst One of tlie Bucco-pharyngeal ridges, show- 
ing tlie spines which it carries 



EXPLANATION OF LETTERING ON PLATES 
B Thickened upturned end of ventral plate 
BC Buccal cavity 
BPJ Bucco-pliar)'ngeal j unchon 
BPR. Bucco-pharj^ngeal ridges with spines 
-C ' Cones ’ 

Cl Outline of clypeus 
Cl Tom edge of clypeus 
CS ‘ Cobblestone ’ chitinisation 
DP Dorsal papillae 
LF Lateral flanges 

PA Pigmented area of posterior hard palate 
PP Palatal papillae 
Ph Phaiynx 
PI Anterior hard palate 
P2 Postenor hard palate 
R ‘ Rods ’ 

SP Salivary pump 
T Bucco-pharyngeal armature 
VF Ventral flanges 
VP Ventral papillae 


i 


I 

Explanation op Platp XXXII 

Fig 19 A (Mycoiityta) pulchcimnus Dorsal view of Buccal Cavity and com- 
mencement of Pharynx 

„ 20 A {Mysomyia) pulchernmus Dorsal view of Bucco-pharyngeal 
Junction 

„ 21 A (Mysomyta) siibpichis Dorsal view of Buccal Cavity and com- • 

mencement of Pharynx 

„ 22 A (Mysoinyia) subpictus Dorsal view of Bucco-pharyngeal Junction 

„ 23 A {Mysoinyta) sjibptctus Lateral view of a ‘ cone ’ tooth 




Fig 24 
25 

„ 26 




27 


28 




29 


Expi^anation op Plats XXXIII 

A {Mycouiyia) koclit Dorsal view of Buccal Cavity and commence- 
ment of Pharynx 

A (Myzomyta) kochi Dorsal view of Bucco-pharyngeal Junction 

A (Nyssorhynchus) alhimanns Dorsal view of Buccal Cavity and 
commencement of Pharynx 

A (Nyssorhynchus) albtmanus Dorsal view of Bucco-pharyngeal 
Junction 

A (Nyssorhynchus) albwianus Posterior end of Postenor Hard 
Palate 

A (Nyssorhynchus) albmtanus Separate tooth 



> Explanation of Plate XXX 
(Btroiiella) btronelh Dorsal view of Buccal Cavity and comincnce- 
ment of Pharynx 

(Bironella) btronelh Dorsal view of Bucco-pharyngeal Junction 
(Anopheles) hndesan Dorsal view of Buccal Cavity and commence- 
ment of Pharynx 

(Anopheles) Itttdesati Dorsal view of Bucco-pharyngeal Junction 
(Anopheles) puncfmacula Dorsal view of Buccal Cavity and com- 
mencement of Pharynx 

(Anopheles) punctiniacula Dorsal view of Bucco-phaiyngeal 
Junction 
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community Certain villages are inhabited by individuals who have been born and 
brought up under malarious conditions, and who have acquired immunity against 
malana in greater or less degree There are other villages occupied by newly- 
introduced communities exhibiting the phenomena of acute malarial infestation 
The labouring convicts, who have for the most part passed many years in the 
islands, afford material for the study of chronic malaria m the adult, whilst the 
conditions produced by acute infection m adults may be obsen^ed among coolies 
recently introduced for forest work Kala-azar does not exist m the Andamans, 
so far as is known, so that the possibility of enlargement of the spleen due to this 
disease locally acquired is precluded 

The time at which these observations were made was towards the end of the 
malaria season, which was m that year an exceptionally mild one m the Andamans 
generally 


II Methods oe Investigation Employed 
For the purpose of determining the position of the apex of the enlarged spleen 
m children, the method used was that devised by Christophers (1924fl), le, the 
distances from the apex of the spleen to the umbilicus, the median line of the body 
and the costal margin respectively, and the distance from the nipple to the umbilicus, 
were measured m centimetres with the child standing 

In the case of adults, however, it was frequently found difficult to determine 
the exact position of the apex of the spleen m the erect position, owing clnefly to 
the greater muscular development of the abdominal wall The men were therefore 
examined lying down on a perfectly flat surface, such as the floor of a barrack 
The abdomen was first palpated with the knees drawn up, and if the spleen 
were found enlarged, the measurements were made with the lower limbs completely 
extended and the arms by the side of the body m order to secure uniform results 
At the time of measurement, the man w'as directed to breathe as quietly as possible, 
and the measurements w^ere m each case taken at the end of expiration It was 
found m practice that this procedure actually involved the expenditure of less time 
than if the men were examined standing, owing to the greater ease with which 
otherwise ‘ doubtful ’ spleens are felt wuth the subject m the recumbent position 
The metliod used for enumerating the malaria parasites m the blood was that 
demised by Sinton (1924) In this method, a small quantity of blood from the 
finger IS drawn up to a mark m a pipette and mixed wuth an equal quantity of a 
standard suspension of fowl’s blood cells The mixture is then blown out on to 
a slide and made into three thick drops, and the parasites found are counted against 
the number of fowd’s corpuscles observed This method w'as found a convenient 
one for application under field conditions In the present case, a suspension 
containing 9,000 fowd’s corpuscles to the c mm w'as used, and 500 of these were 
counted dunng each examination In other words, m each case 055 c mm of the 
patient’s blood was examined 

III The Enlarged Spleen in Adults 
The great majoritv of the adult spleens measured w^ere those of persons of 
long residence m the Andamans, suffenng from chronic malaria There was one 
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I Introduction 


The data upon which this paper is based were obtained during a visit to the 
Andamans m August-September, 1926, for the purpose of inquiring into malarial 
conditions m the ’sla ids In the course of this enquiry, accurate measurements 
were made of the position of the apex of the enlarged spleens of 825 adults and 
240 children, and parasite counts were made in the case of 208 positive blood films 
All the spleen measurements were made and all the blood films taken by one of 
us (G C ) per'-onally, so that although the numbers of observations are small, the 
results obtained are strictly comparable one with another 

A method for the accurate measurement of the position of the spleen was 
introduced by Christophers (1924a) This consists m the triangulation of the 
apex, or most projecting part, of the spleen by measurements from the umbilicus 
and from the median line of the body, and is far more accurate than the old method 
of estimating its enlargement m fingers’ breadths Christophers has published the 
results of an exhaustive analysis of observations made on the blood and spleens 
of children during the course of malarial surveys made at Singhbhum, Chola 
Nagpur, and at Nalban and Nongpoh, Assam (Christophers, 1924fl, 19246, 1924c, 
1925) More recently, MacDonald (1926) has applied Christophers’ methods m 
the examination of children in Freetown, Sierra Leone 


So far as we are aware, no observations of a similar nature have hitherto been 
published with regard to the measurement of the enlarged spleen m adults 

Conditions in the Andamans are peculiarly favourable for the stud> of malana 
In the first place, the disease is localised, parts of the islands being highly malanous 
whilst others are almost or entirely free from malaria, depending on the presence 

or absence of ^ whch ,s the only mllana earner of 

importance m the islands (Christophers, 1912, Covell, 1927) Secondly there are 
unusual opportune, es for studying mahnal condthons among d.fferenj types 5f 
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TablC II — {concld ) 


Chronic spleens, 

H-i PER-ENDEMIC 
CONUmONS 

Chronic spleens, 1 

MODERATELY ENDEMIC , 

CONDITIONS 

J 

Acute spliens 

H\ PER-ENDEMIC 
C0NDITI0\ S 

C 

u c 

^ E 

E ^ 

? g 

X rt oi 

y o c 
cu p g 

Apex-median line 
measurement in 
ems 

... — — 

Number of obser- 
vations 

Apex-umbihcus 
measurement xn 
ems 

1 o c 

I p ^ 

c E 

1 a s 

1 1 ifi 

y c3 ui 

! tap 

1 ^ a o 

: < 

Number of obser- 
vations 

Apex-umbilicus 
measurement m 
ems 

<L> C 

c ^ 

^ E 

1 ISi 

/ ns cn 1 

^ fa o ' 
< 

Number of obser- 
vations 

3 

1 

3 

3 

1 

2 




3 

0 

1 







3 

—2 

1 
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2 

2 

2 

2 
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2 
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0 
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1 
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1 

1 1 

3 

1 

1 
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2 

1 



1 
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0 
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0 

0 

3 

1 



—2 
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1 

e 
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—5 
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—5 
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3 

1 
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2 
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1 
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—7 

6 

1 

—6 


1 




—10 

3 

1 

' 

1 






l^afc — A minixs sign in the apex-utnbilicus column denotes a measurement below the 
umbilicus A minus sign in the apeN-median line column denotes a measurement to the left of 
the median line. 
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tliat the average weight of that organ in persons dying in the settlement is about 
2\ times that of the normal, whilst m the case of those whose deaths are attributed 
directly to malaria it is nearly 4 times that of the normal Out of 4,474 adults 
examined in the settlement, 1 372, or 31 per cent, were found to have enlarged 
spleens Accurate measurements of the iiosiiion of the apex of the spleen in 
796 of these gave a mean position situated 8 ems from the umbilicus, witli an 
average costal projection of 5 4 ems 

V MaIvAuial Jmictiox in NrwiA-iNTKODuci d \mj Local-born 
COMMUNITIIS UNDIR IIVPI R-I XDLMIC COMUTIONS 
In a village called Miithura there was Ining a new 1) -introduced community 
of Bhatus, who had been brought from the United Pro\inecs, India, six months 
before my visit This village was situated wnthin 400 yards of a salt swamp, which 
formed a breeding-place for A Imiloxvu, specimens of which were caught in the 
huts They had received a certain amount of (juinine, which w'as administered, 
probably m a somewhat irregular fashion, bj the village chow'kidar Neeerthelcss, 
as the result of the iinestigations made there show', thej present an interesting 
picture of a community living under ‘ attack ’ conditions 

As a contrast to these w'lll be studied the figures relating to the inhabitants ol 
tw'o old-established villages, Bumhtan and Taylerabiid, situated m the hyper-endemie 
area The children in this case were all horn in the Milages, and the adults had 
for the most part either spent all their lives there, or had Ined there for periods 
carrying from 5 to 20 years The ages of all the children examined were between 
tw'o and ten jears, so that they w’cre past'the stage of ‘ acute infestation ’ described 
by Chnstophers (1924r) 

The figures relating to the tw'o communities in question are gnen m Table IV 

Table IV 


Spleen and Parasite findings among Child) cn tn NcxAy-inlrodttced and Local-born 

Communities 



Number examined for 
enlarged spleen 

Number with spleen 
enlarged 

Spleen rate 

Average apex-umbilicusj 
measurement in ems [ 

Average apex-median 

line measurement in 
ems 

Average costal projec- 
tion m ems 

Number of bloods exa- 
mined. 

Number found infected 

Percentage found infect, 
cd 

Average parasites per 
c,mm of blood in those 
infected 

NewIy-introduccd popu- 
lation 

1 

64 

49 

77 

D2 

68 

38 


43 

60 

1,277 

Local-bom population 

45 

30 

67 

83 

6 1 

48 

40 

17 

42 

229 


♦The measurements rehling to the position of the apex oj the spleen in clnldren have 
been conected according to the correction-table given bv Chnstophers and Khazan Chand 
n924'> 
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community, however, which presented the picture of acute malarial infection in 
adults This consisted of a party of Karen coolies recently introduced from 
Burma, who were employed in felling timber on a small island off Middle Andaman 
Their camp had been established on the island for about three months, and the men 
were suffering severely from malaria About half of them actually had raised 
temperatures at the time of my visit All the anopheline mosquitoes captured in 
the camp were A ludloxtm, and 97 of these were caught in a single hut It is of 
course possible that some of the men had enlarged spleens before leaving Burma, 
though according to their own statements they had suffered very little from fever 
in their own country The parasite counts show that at the time of examination, 
they were under ‘ attack ’ conditions 

The adults suffering from chronic enlargement of the spleen fall into two 
categories, namely, those living under hyper-endemic conditions, with a spleen rate 
of 65 per cent and those living under conditions of moderate endemicity, with a 
spleen rate of 17 per cent 

Table I shows the spleen rate, parasite rate, average parasite value and mean 
measurements regarding the position of the apex of the enlarged spleen in the 
three classes of adults under consideration The actual positions of the apices of 
the enlarged spleens with relation to the umbilicus and the median line of the body 
in the three classes are set out in Charts I, II and III, whilst the corresponding 
measurements in centimetres are shown in Table II Chart IV gives the positions 
of the apices of all the adult spleens measured In each Chart, the position of the 
mean of the series is indicated by a star 


Tabpe I 

Spleen and Parasite Rates m Adults 


- 

Number examined 

Number with enlarged 
spleen 

Spleen rate 

Parasite rata 

Average parasites per 
amm of blood 

Mean apex-umbilicus 

measurement m cms 

Mean apex-median line 
measurement in cms 

Mean costal projection 
measurement m cms 

Chronic malana, hyper- 
endemic conditions 

1 712 

466 

1 

65 

20 

278 

! 

74 1 

63 

60 

Chronic malaria, moder^ 
ately endemic condi- 
tions 

i 

1,983 

330 

n 1 

4 

18 

87 

75 

45 

Acute malaria, hyper- 
endemic conditions 

44 

29 

66 i 

86 

3,701 

100 

84 

31 

Totai, 

J, MR 

2,739 

825 

30 

1 


1 'P" ■ 

1 80 

t 

68 

52 
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In the case of chronic infections in adults the percentage of infections increases 
as the spleen enlarges, as is the case in the other two senes As regards the parasite 
value It IS dangerous to draw deductions from a series as small as this, for it is 
obvious that a single individual undergoing an acute attack will raise the average 
value for the group concerned in a disproportionate degree In this senes there 
were only two infections with a parasite value of over 1,000 per c mm In one of 
these, the spleen was not palpable, whilst in the other, the apex was situated 
12 cms from the umbilicus As far as the figures go, they would appear to 
indicate that the highest parasite values are associated with spleens of moderate 
enlargement, the value decreasing with great enlargement of the organ 

, Tablc V 


Relation of Enlai gemeni of Spleen to Infection — Children* 


Apcx-umbilicus 
measurement 
m cms 

Number of 
observations 

Average costal 
projection m 
cms 

Number found 
infected 

Percentage found 
infected 

\urrber of parasites per c mm in : 
each case 

Total parasites 
found 

\vcrage para- 
sites Per c mm 
of blood in 
those infected 

Not pal- 
pable 

414 

1 

i 


57 

11 

17.190-5,332-3,936-3,744-2,354 
990-918 -810-648-570 -558- 
S22{3)— 486-484-450— 432- 414- 
396(2)— 370 -342-306—270- 
252(3) - 234 -216 - 180 - 162(3)- 
126(5) 90(5)— 72— 54(3) 36 ( 4 )— 
18(4)— 16 

45,976 

1 

1 

806 

14-12 

51 

1 1 

1 20 

[ 1 
1 

1 S9 

! 1 

4,590-2,070—1,944—1,160- 1,008 
090—918—486—346—342—270(3)- 
234—198—162—1 26— 72(2)— 8 

1 

18,536 

926 

11 8 

90 

35 

39 

43 

1 

9,0c-0-5,760-4,050(2)-2,844- 

2,700-2,160—2,070-1,980—1.530— 

1,314—1,098 

480— 450(2)— 318— 288— 270(2)— 
216(4)-126(3)-108(2)- 
90(5)-S4(2)-36— 18(3) 

43,284 

1,109 

■ 

34 

73 

17 

50 

1 

1 

1 

1 

9 000-6,300-2,630—1,496 

990(2)— 810— 594— 396— 378— 
334—200—152—126(2) 

90—18 

24,610 

1,448 

3-0 

3 

10 3 

3 

100 

202-180—72 

454 

151 

Beyond 

Umbili- 

cus 

1 

13 

1 

100 

252 1 

252 

252 

TotAL 

593 


137 

23 


133,112 

971 


* Measurements relating to the position of the apex of the spleen in children have been 


corrected accordmg to the correction-table given by Christophers and Khazan Chand (1924) 
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Tabi^r II — icontd ) 


Chronic spi^EEns, 

HyPER-l^NDEMIC 

CONDITIONS 

Chronic spi^^ns, 

MODERATIXY ENDlgMIC 
CONDITIONS 

AcuTB SPtEBNS, 

HYPER-ENDSMIC 

CONDITIONS 

Apex-umbiliciis 
measurement in 
cms 

Ape\-median line 
measurement m 
cms 

Number of obser- 
vations 

Apex-umbilicus 
measurement in 
cms 

Apex-median line 
measurement m 
cms 

Number of obser- 
vations 

Apex-umbilicus 
measurement in 
cms 

Apex-<median Ime 
measurement in 
eras 

/ 

Number of obser- 
vations 

9 

7 

13 

9 

7 

8 




9 

6 

3 

9 

6 

1 




9 

5 

3 







9 

3 

1 







8 

8 

9 

8 

8 

10 

8 

8 

1 

8 

7 

IS 

8 

7 

32 

8 

7 

3 

8 

6 

20 

8 

6 

8 

8 

5 

1 

8 

5 


8 

S 

2 




8 

4 

1 

8 

4 

1 




8 

—7 

I 1 

7 

7 

10 

7 

5 

1 

7 

1 

7 i 

i 

8 

7 

6 

IS 



• 

7 

6 

17 

7 

5 

- S 



* 

7 ' 

5 

16 

7 

—2 

1 




6 

6 

17 

6 

6 

6 

6 

6 

2 

6 1 

1 

5 

16 

6 

5 

9 




6 1 

4 

7 

6 

4 

2 




6 


1 

6 

—4 

1 




S 

5 

10 

S 

S 

1 



« 

5 

4 

16 

5 

4 . 

4 




5 

3 

13 

S 

3 

1 



« • 

5 

2 

, 1 

5 

—3 * 

1 




4 

I 

4 

5 

4 

4 

1 




4 

3 

IS 

4 

3 

1 




4 

2 

6 

’ 4 

2 

2 




3 

3 

2 

3 

3 

S 




3 

2 

8 

3 

2 

2 
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VII Tin: Output or Cui sci'nt*^ in rluation to tiiu Parasite Count 
Out of 122 blood films m which malignant tertian parasites were found, 
crescents weie piesent m 76, or 62 per cent The relative proportions in which 
they were found m acute and chronic infections m children and adults are shown in 
Table VIIT All children under the age of two }cars are included under the 
category of ‘ acute ’ infections 


Tarli VI ]J 


Pigtoa dealing wilh the Output of Cicsccnts 


1 

Number | 
examined 

Number of 
crescent 
infections 

Percentage 
of Qrescent 
infections ; 

Total num- 
ber of 
crescents 
found 

Average 
value of 
crescent 
infections 

Acute infections 
(children) 

74 

25 

34 

7,434 

297 

Acute infections 
(adults) 

44 1 

1 

15 1 

34 1 

4,858 

324 

Chronic infections 
(children) 

1 

S19 i 

t 

1 

5 1 

4,060 

ISO 

Chronic infections 
(adults) 

1 

t 

200 

A 

i 

4 

1 

1,052 

117 


Among the children suftcring from acute infection the highest crescent infec- 
tion encountered was 1,782 pci c mm The average of the asexual infections 
associated with the presence of crescents was 1,548 Collcctucly m this group 
of children there were 7,434 crescents to 36,992 asexual forms, or about 1 to 5 
Among the children with chronic infection the highest crescent infection 
encountered was 522 per c mm The average of the asexual infections associated 
with the presence of crescents was 458 Collectively in this group of children 
there were 4,060 crescents to 13,888 asexual forms, or about 1 to 3 

Among the adults suffering from acute infection the highest crescent infection 
encountered was 1,800 per c mm The average of the asexual infections associated 
with the presence of crescents was 4,604 Collectively in this group of adults there 
were 4,858 descents to 48,064 asexual forms, or about 1 to 10 

Among the adults with chronic infection the highest crescent infection encoun- 
tered was 450 per c mm There were no asexual infections associated with the 
presence of crescents Collectively m this group of adults there were 1,052 
crescents to 3,736 asexual forms, or about 1 to 4 

These findings are in agreement with those of Schuffner (1920) and of 
Christophers (1924c) , namely, that the formati m of crescents is not associated 
with immunisation, but is reduced during tins process, and that the infectmtv of 
a community would appear to depend upon the presence of acute infections and 


Q Coveil and J D Baily 


317 




A comparison of the figures relating to the three classes of community under 
consideration shows that m the case of chronic enlargement of the spleen the 
average size of the enlarged organ is considerably greater among those with a high 
spleen rate than among those living m the moderately endemic area In the case 
of individuals suffering from acute enlargement of the spleen the condition is what 
one would expect from the observations made by Christophers That is, there is 
a high spleen and parasite rate, with a high average parasite count, but the average 
enlarged spleen is considerably smaller than is the average 'chronic’ enlarged 
spleen, even among a community with a spleen rate of only 17 per cent 

In Chart IV is shown the position of tiie apices of all the enlarged adult 
spleens accurately measured An analysis of the figures relating to 128 adult 
spleens of which the apices were situated at a distance of 1 cm or less from the 
costal margin shows that the mean position for spleens which are just palpable 
lies at a point approximately 12 cms from the umbilicus, and 10 cms from the 
median line of the body If a line be drawn from this point to the umbilicus it 
passes through the mean position of the apex in the case of each of tlie three com- 
munities under consideration, and also through the mean position of the apex for 
all the adult spleens measured Out of the 825 spleens measured, 695 or 84 per 
cent, of the apices he within 2 cms distance from this line, 396 of these lying 
at a distance of from 6 to 11 cms from tlie umbilicus It would appear that the 
normal path of enlargement of the spleen in adults follows approximately the same 
line as that indicated by Christophers in the case of enlarged spleens in children 

IV The Average Weight of the Aduet Speeen Post-mortem in the 

Andamans 

The following Table (Table III), which shows the average weights of the 
spleen recorded at post-mortem examinations held in the settlement of Port Blair 
from 1917 to 1926, together with the cause of death, may be of interest Taking 
the average weight of tlie normal adult spleen to be about 7 ounces, it will be seen 

Tabee III 

Average JV eight of Adult Spleens Post-mortem 


Cause of death 

1 

1 

Number of cases i 

1 

Average weight 
of spleen m 
ounces 

Majana 1 

Influenza * 

Cirrhosis of liver 1 

Black^^^ter fever 

Pneumonia and its complications 

Jaundice 

Dysenter>^ 

Phthisis 

Other causes 

• 54 i 

5 

12 

8 

126 

12 

82 

53 

177 

274 

258 

24 8 

229 

211 

152 

13 6 

126 

176 

V Totai, 

529 

1 

186 
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Ohseivahons on Malana in the Andamans 


Table X 


Relation of Species of Parasite to Snec of Spleen 


Species of parasite 

Adufts 

1 

CiiirDur^ 

1 

Number of 

observe- I 
lions 

Average 
apc\“Um« 
bilicus 
measure- 
ment in 
ems 

Number of 
observa- 
tions 

Percentage 

I with en- 
larged 
spleen 

1 

Average 
apex-um- 
bihcus 
measure- 
ment in 
ems 

M T 

22 

77 

so 

60 

94 

B T 

5 

72 

5 

42 

78 

Quartan 

23 

86 

21 

I 

60 j 

86 


The number of observations is of course too few to enable any precise con- 
clusions to be drawm In both children and adults the average enlarged spleen in 
the case of B T infections were the largest of the three On the other hand the 
spleen rate in the case of B T infections was onl) 42, compared with a rate of 
60 m the case of both A1 T and quartan \mong the adults the average enlarged 
spleen m ciuartan infections was the smallest of the three, wdiilst in children the 
size was intermediate betw'een that encountered in B T and AI T infections 

As far as these few results go, thc\ appear to indicate that there is very little 
difference m the effect of the different species of parasite on the enlargement of 
the spleen 


Conclusions 

1 The results of 825 observations on the position of the apex of the enlarged 
spleen in adults as determined by accurate measurement are anal} sed 

2 The normal path of enlargement of the spleen in adults docs not appear 
to differ materially from that obsen'ed among children 

3 In the series dealt wuth the position of the apex of the spleen m the case 
of 84 per cent of the individuals examined lay w'lthin 2 ems of a hile drawn from 
the umbilicus to a point 12 ems distant from it, and 10 ems from the median line 
of the body The mean position of the apex m a series of acutely enlarged spleens, 
in a series of chronic enlarged spleens occurring in a moderately endemic area, and 
m a senes of chronic enlarged spleens occurring m a hyper-endemic area all lay 
approximately upon this line 

4 In the case of chronic infections, an increased spleen rate among adults is 
associated with a greater size of the average enlarged spleen 

5 In the case of both adults and children the percentage of parasite infections 
increases as the spleen enlarges 

6 The average parasite value increases with the size of the spleen up to a 
certain degree of enlargement The size of spleen associated with the highest 
parasite value in adults was one with the apex situated at a distance of about 
6-8 ems from the umbilicus, corresponding with an average costal projection of 






319 


G Co veil cLiid J D Bdily 

In both communities the spleen rate was high, but in the newly-introduced 
community the average size of the enlarged spleen was less than in the case of the 
local-born, whilst the parasite rate and the average parasite value was much greater 
The latter would no doubt have been greater still, had not a certain amount of 
quinine been administered In the newly-introduced community there were 12 
infections of over 1,000 parasites per c mm , or 17 per cent of those examined, whilst 
21 children (30 per cent) showed infection with crescents, the average value of 
crescent infections being 240 per c mm In the local-horn community there was 
only one infection of over 1,000 parasites per c mm , or 2 5 of those examined, 
whilst 6 children (15 per cent) showed crescent infections, with an average value 
of 166 per c mm 

As regards the adults, m the old-established villages there ivas a spleen rate 
of 50 per cent, a parasite rate of IS per cent, and an average parasite value of 
325 per c mm , but in only one case was there a count of over 1,000 per cmin 
There were 5 per cent, of crescent infections, with an average value of 176 per c mm 
In the case of the newly introduced commumty the adult spleen rate was 
75 per cent No adults of this group were exaimned for parasite infections 

These results are m accordance with what one would expect from the researches 
of Christophers into the ^subject of immunity against malaria under hypcr-endemic 
conditions 


VI Thr Rei,ation op Eni,argi:ment op the SpeeEn to Inpection 

In Tables V, VI and VII are given the average number of parasites per c mm 
found in association with spleens of different degrees of enlargement The figures 
relating to (a) children, (b) adults suffering from acute infection, and (c) adults 
suffenng from chronic infection, are shown separately 

Christophers, m his Singhbhum series, found that m children a high farasite 
value was associated with spleens of such a size that the apex lay about 8-10 cms. 
from the umbilicus, the corresponding costal projection being about 5 cins , or 
‘three-finger’ spleens He also found that the parasite value with spleens of 
greater size was not increased, but was diminished 

In the present series the findings as regards the cliildren are substantially m 
agreement with those of Christophers The highest parasite value is associated 
with spleens of which the apices he about 6-10 ems from the umbilicus, corre- 
sponding with an average costal projection of about 5 ems whilst there as a ’marked 
drop m the parasite value as the apex approaches the umbilicus The percentage of 

individuals infected, however, increases progressively witli the enlargement of the 
organ 


In the case of acute infections in adults, the percentage of infections also 
increases progressively as the spleen enlarges The parasite value m spleens not 
palpable is only moderately high, the value increasing rapidly as the spleen enlarges 
In this series the community in question had been living m the highly malariLs 
area for only about three months, and there were no spleens of a size Jre^icr u 
IS represented by an apex-umbihcal measurement of 6 ems so that it ,f m" 

s°ze ta decrease 'with spleens o7^'^te? 
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10 SiNTON, J A (1924) Methods for the Enumeration of Earasitcs and Eeuco- 

c>tcs in the Blood of Malaria Patients hid Jour 
Med Res, XII, 2, rP 341—346 

11 Swci^L^NCRKBEt,, N H, Sciiu^- The susceptibility of Anophclmcs to Malaria Infec- 

NKR, W and SwM.l.i^NGRrDn tions m Netherlands India Meded v d Burg 

hZ J M H (1919) Gcnccsk D in Ncdcrhndsch, h\d\c, Anno 1919, 

Dccl, III, pp 1 — 64 
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Tabi^c \ni 

Relation of Enlargement of Spleen to Infection — Clnonic Malaria in Adults 


Apex-umbiheus 
measurement 
in ems 

O tft 

c 

o 

^ v 

0 ) rtf 

P (17 

C tr> 
p JD 

Averace costal 
projections m 
cuis 

Number found 
infected 

Percentage 
found infected 

Number of parasites per c mm 
in each case 

Total parasites 
found 

Average para- 
sites per c mm 
of blood in 
those infected 

Not palp- 
able. 

SO 


7 

14 

3,600 ! 

54-36(4)— 18 1 

1 3,816 

545 

IS— 12 j 

22 

1 8 

■ 

18 

2,790 

108—72—18 

1 

2,988 

747 

11-8 

79 

‘ 

38 

10 



I 

972 

97 

7—4 

j 29 

' 71 

■ 

1 

14 

S4{2)-36-18 

162 j 

1 

40 

3-0 

1 

10 5 

s 

36 

180- 72-54-50-18 

354 

1 

71 

1 

Beyond 

umbili- 

cus 

6 

16 6 

2 

33 

52-50 

102 

51 

ToTai, 

.... 1 

200 

1 

1 

32 

j 16 


8,394 

262 
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Bacioiculal J cl ion of Meicwii on B pestis 


OH 

OH 

/\.Hg Cl 

/\ Hg 0 CO CH 

3 

v 

U 

Hg Cl 

Hg 0 CO CH 
^ 3 

0 , p-dichloromcrcunphenol 

0 , p-(lnccto\>mcrcuriphcnol 

OwMiig to the presence of the nuclear hydroxyl these substances are soluble m^ 
caustic soda, and then bactericidal concenlration was determined in alkali solu- 
tion 

0 , p-diaccto\yiiui CIO ipJicnol — Phenol and two moles of mercuric acetate 
w'cie heated on the steam bath, and the pioducl dissohed m dilute acetic acid 
The mercuiated phenol crystallised m minute white needles wdiich melted at 216- 


7° 

p-clilo) oiuci cui ipliciiol — ^Tlie mother liquor fiom the chacetoxymercunphenol 
was saturated with sodium chloiidc, and the resulting jirecipitate extracted with 
cold alcohol The portion lUboluhle m cold alcohol crystallised from boiling alcohol 
in fine needles melting at 220° 

o-rliloioiiiocioipJiciiol — The filtiate from the para compound was evapor- 
ated on the watei bath, and the oitho chloride cnstalhsed from hot water in minute 
needles melting at 152° 

0 , p-dicJiloi onw) cnnpJicnol — An aqueous bolution of phenol and two moles 
of mercuric acetate weie heated on the water hath, and the jiroduct treated w’lth 
sodium chloride The lesultmg precipitate w'as extracted w'lth hoilmg alcohol, 
when the dichloride w'as left as an insoluble wdiite powder which decomposed at 
258° without melting This substance dissolved in ^ sodium thiosulphate, but 
slowly decomposes on standing 


TabIvI: I 



BACTtRinDAI, CovChNTRATlONS 

1 ... 

Mercun 


IS minutes contact ' 

j 

24 lioiirs contact 

per cent 
( app ) 

Phenol 

1 600 

1 600 


2 4 6-trichlorphenol 

1 2000 

1 10000 


o-chloromcrcunphcnol 

1 ?20000 

1 2560000 

61 

p-chloromercunphcnol 1 

1 320000 

1 5120000 

1 61 

p — dichromomcrcunphenol 

0 , p-diacetoxymercunphenol 

1 320000 

*1 160000 

1 1280000 

1 64OO0O 

71 

(unstnblc) 

1 
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not directly on the evidence of intensity given by the amount of splenic 
enlargement 

VIII Thc Ri'lativi: Proportion or thi: DirrcRi nt SrrxiLS or Malaria 

pARiVSiTC IN THC Andamans 

Out of 837 blood examinations made, malaria parasites were found if* 208 
Mixed infections were encountered in 10 cases Thc relative proportions o t e 
different species of parasite are shown in Table IX 


TablC IX 


RcJotwe Pro/70>iw}}s of the Diffocvf Species of Paiasitc 



Number 
; found 
infected 

1 

M 

T 

B 

T 

1 

Quartan 

Number 
of infec- 
tions 

i 

Percent- 
age to 
total 
mfcc- 
tions 

1 

Number , 
of infec- 
tions 

Percent- 
age to 
4otal 
infec- 
tions 

Number 
of infec- 
tions 

Percent- 
age to 

1 total 
infec- 
tions 

Children 

137 

90 

65 

13 

9 

40 

29 

Adults 

71 

32 

45 

JO 

14 

33 

46 

To'Tal 

208 

122 

59 

23 

" 

73 

35 


The comparatively high proportion of quartan infections m the Andamans was 
noted by Christophers in 1912 He suggested that this might be due to the fact 
that the majority of his cases were probably relapses, and that the parasite of 
quartan malaria is more persistent than the other two species In the case of the 
results tabulated above, however, the high proportion of quartan infections was 
just as apparent m acute infections as in chronic For instance, in the case of the 
Karen coolies in Middle Andaman, out of 38 cases in which parasites were found 
there were 19 infections with M T parasites, 6 with B T , and 17 with quartan 
Swellengrebel, Schuffner and Swellengrebel de Graaf (1920) showed that 
under experimental conditions A hidlozutt can be infected with quartan parasites, 
but that its susceptibihtj' to this species is apparently very much less than is the 
case with M T and B T parasites It appears that there must be some hitlierto 
unexplained factor or factors which lead to the comparatively high incidence of 
quartan malana in the Andamans 


IX The Relation oe Species oe Parasite to Size op Spleen 
It is sometimes stated that the quartan parasite is associated with a greater 
degree of splenic enlargement than are the other two species An attempt was made 
Pf^ence in the blood of the different species of parasite were associated 
with different degrees of enlargement of the spleen in the Andamans The results 
of this investigation are shown in Table X, mixed infections being excluded 
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BactcHCido.l Aciioii of Mctcuiy 0)1 B postis 



Trypan Red 

t 



Tnphenylmethane 



0-N H 

2 

Acid Ruclisin 


A solution of mercuric acetate was prepared by dissolving one or more moles 
of the salt in water, filtering, and adding two drops of glacial acetic acid to the 
filtrate The filtrate was poured gradually and with constant stirnng into water 
holding one mole of the dye in solution The mixture was then concentrated on 
the water bath and dried ?n vacuo over calcium chloride 
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6 2 cms In children the highest parasite value was found in the case of spleens 
with the ape's, situated at a distance of about 6-11 cins from the umbilicus, with 
an average costal projection of 5 cms These measurements correspond approxi- 
mately with a ‘ three-finger ’ spleen in children, and a ‘ three to four-finger spleen 
in adults Spleens of a greater size than these are associated with a progressively 
decreasing parasite value 

7 As regards the output of crescents, the findings of Schuffner and of 
Christophers are confirmed, namely that the gamete output is not associated with 
immunisation, but the reverse 

8 There is in the Andamans an unusually high proportion of quartan infec- 
tions This high proportion is found in association with acute as well as with 
chronic infections The reason for this is not explained 

9 So far as can be judged from the comparatively few figures available, 
there does not appear to be anv marked difference between the degree of enlarge- 
ment of the spleen associated with the different species of malaria parasite 

10 The exact methods of measuring the position of the apex of the enlarged 
spleen devised by Christophers are capable of application in the field m the case of 
adults, with certain modifications, and give far more accurate results than those _ 
formerly employed 

11 Sinton’s method of enumerating malaria parasites by means of a standard 
suspension of fowl’s blood is found to be convenient and easy of application under 
field conditions 
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TABIyf TI 



BACthRlCIDAL CoNCFNTRATIONS 

Mercury 
per cent 
( app ) 


IS minutes contact 

24 hours contact 

Blue 

nil 

nil 


mono-acctoxymcrcun-Trypnn BIul 

1 9600 

1 64000 

16 

di- 

1 19200 

1 128000 

27 

tn- 

1 64000 

1 256000 

35 

tctra- , „ 

1 64000 

1 35*8400 

40 

pcnta- 

1 64000 

1 256000 

44 ♦ 

hc\a- , , 

1 64000 

1 153600 

48* 

hcpta- 

1 64000 

1 153600 

50* 

octo- „ „ 

1 3fi000 

1 153600 

53* 

Tnpin Red 

ml 

ml 


mono-ncctowmcrcun-ToT^^t^ Bed 

1 22400 

1 76800 

16 

dl“ n II 

1 3f?400 

1 153600 

26 


I 64000 

3 256000 

1 34 

tctra- „ „ 

1 76R00 

1 358400 

39 

pcnta- „ „ 

1 S1200 

1 153600 

44* 

hexa- „ „ 

1 38400 

1 230400 

47* 

1 

hepta- „ „ 

1 44800 

1 115200 

50* 

octo— „ p 

1 51200 

1 153600 

53* 

Acid Fuchsin 

ml 

ml 

r 

23 

mono-acetox>nncrcuri-Acid Fuchsin 

1 14400 

1 51200 

di— II II • 

1 32000 

1 128000 

36 

tn- „ „ 

1 32000 

1 179200 

44 

Mcrcurochronic-220-soluble 

j 1 3200 

1 102400 

26 


Mercury partly thrown out of solution 


Summary 

Mercunal derivatives of Phenol, Trypan Red, Tr)fpan Blue, and Acid Fuchsin 
have been prepared and theit bactericidal action on B pcstis has been determined 
iji vih 0 by the so-called ‘ inhibitory method ’ 

Aromatic mercurials are many times more active than the compounds they are 
derived from 
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The mercurial compounds discussed in this paper all belong to that group of 
compounds in which one valency of the mercury atom is satisfied by an organic 
radical They may be divided into two classes (i) compounds denved from 
phenol, and («) compounds derived from dyestuffs 

I Compounds derived from phenol 

The four compounds of this class result from the mercuration of phenol and 
are charactenzed by the presence of a nuclear hydroxyl, and by the mercury being 
linked to the nuclear carbon through one valency and to either an atom of chlorine 
or to an acetoxy group through the other 


OH OH 



Hg~C| 

% 

o-chloromercunphenol P-chloromercunphenol 

( 327 ) 


i 
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As may be seen from Table I — 

1 The entrance of mercury in the nucleus of phenol considerably enhances 
its bactencidal value 

2 The bactericidal value of the chloromercuri group is greater than that of 
the acetoxymercuri group 

3 The para-chloromeicuri compound is more active than the ortho com- 
pound 


II Compounds derived from dyestuffs 

The compounds of this series were obtained by mercuration of two benzidine 
dyes, Trypan Blue and Trypan Red, and one triphenylmethane dye. Acid Fuchsin 


H = N 
2 






N = H 
2 


Benzidine 




ONa 


0 Na 


L MR 


Trypan Blue 
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earned out experiments on four different brews, sown at different intervals, and 
incubated for periods varying from 85 to 176 days The initial hydrogen-ion 
concentration of the four broths u':ed for cultivation of plague bacilli was at 
pH 6 8 in three of them and at pH 7 0 in the other For estimating the amount 
of growth of the plague bacilli and the degree of alkalinity produced m these 
media, we employed the following technique After the preparation and adjust- 
ment of the hydrogen-ion concentration of broth in bulk, it was distributed into 
flasks with due aseptic jirecautions and inoculated with plague culture in the 
way employed here foi the manufacture of the piojihylactic At the end of 
each week of incubation, the growth w'as tested for its purity, sterilised at 60°C 
for 15 minutes and tested for its sterility No carbolic acid was added to the 
finished vaccine Fust the opacity of the vaccine was estimated wnth the aid 



of Brown’s standard opacity tubes, and then it was filtered through filter 
paper several times until a clear filtrate was obtained The hydrogen-ion con- 
centration was determined by the colorimetric method using 5 c c of the filtrate 
and 0 5 c c of a 0 01 pci cent solution of phenol-red as the indicator , then 
these 5 cc of the filtrate were titrated with N|50 hydrocliloric acid to bring the 
hydrogen-ion concentration of the filtrate to pH 7 0 (neutral point) We had 
these estimations repeated by Messrs Malandkar and Gokhale of the Biochemical 
Unit of this Laboratory, to whom we take this opportunity of tendering our 
thanks 

We have summarised the results, based on at least three titrations with 
each vaccine, carried out within a few days of each other, in the form of 
a graph 
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It was found that one noolecule of Trypan Blue or Trypan Red could combine 
with as many as eight molecules of mercunc acetate, and that Acid Fuchsin com- 
bined with three molecules of the salt 

The products were all soluble in water, and did not precipitate mercuric sul- 
phide when treated with either sulphuretted hydrogen or yellow ammonium sul- 
phide But after destruction of the organic matter with sulphuric acid and potas- 
sium permanganate, and refnoval of the manganese dioxide by filtration, mercuric 
sulphide was precipitated on addition of sulphuretted hydrogen From the weight 
of the preapitate the percentage of mercury in the compound was determined 

These substances are, therefore, acetoxymercun derivatives in which the mer- 
cury IS linked to the nucleus through one valency or to an acetoxy group through 
the other 

When warmed on the water bath the solutions of the penta-, hexa-, hepta-, 
and octoacetoxymercun denvatives gradually throw down a coagulatum which can 
be separated by centrifugmg Treatment with sodium hydroxide and alcohol showed 
that the coagulatum is not a homogeneous substance, but a mixture of free mercurv 
and dyestuff in varying proportions 

The bactericidal power of those mercurated dyestuffs is shown m Table II 
together with that of mercurochrome, a hydroxymercun derivative of dibromo- 
fluorescein 



Fluoresceme 



Mercurochrome— 220-sol 


tele or „o change .s brought about by ntod.ficat.on m ehemtcaUc^htubon 
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Tadll I — contd 


Vaccine in- 
cubated for 
weeks 

Germ number 405 
titrated on | 

1 

Germ number 416 
titrated on 

Germ number 426 
titrated on 

Germ number 427 
titrated on 

^ 1 

^ 1 
o^ 

1 

1 

o 

] 

ot 

o\ 

1 

CO 

1 o 

CNl 

20-2-1927 

28-8-1924 

21-8-1925 

20-2-1927 

m 

fNi 1 

Cn 

1 

t 

VO 

22-8-1925 

21-2-1927 

20-1-1925 

25-8-1925 

27-2-1927 

13 

1 



m 

44 

46 

40 

1 


37 

49 



14 




38 

40 

38 



34 




15 








35 

33 

44 



IG 


1 






B 

34 



49 

17 


1 

1 





38 


36 

47 

D 

48 

18 


1 

1 





41 

B 

44 

38 

B 

43 

19 







36 

1 

38 1 

36 

44 

B 

45 

20 







42 

42 

40 

50 

B 

50 

21 







28 

28 

28 

41 

40 

42 

22 







31 

31 

33 

46 

44 

45 

23 




i 



36 

36 

38 


1 


24 







34 

34 

34 




25 







38 

37 

39 

j 





From these results it would appear that the amount of alkalinity produced 
in different vaccines does not suffer any appreciable change even though the 
vaccines have been stored for varying periods from 767 days to 955 days 


Effect op Increased Aekaeinity op the Peague Vaccines on their 

Toxicity and Potency 

1 Heated but not carboltsed vaccines 

We have carried out experiments to estimate the toxicity and potency of 
the vaccines which have not been carbohsed and which have been incubated 
for varying periods of time , the technique employed is identical to that 
desenbed in our paper on ' Notes on the potency of Haffkme’s Plague Prophy- 
lactic ’(4) 

To determine with a greater degree of accuracy the effect of increased 
alkalinity on the toxicity and potency of the vaccine, we have here omitted 
all deaths occurring among the rats during the seven days following the 
immunisation with vacane, where post-mortem examination failed to show 
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In general the bactericidal power ib proportional to the amount of mercury 
present, and but little change is brought about by modification in chemical constitu- 
tion 

Experiments to asccitam the effect of certain of these mercurials will be 
carried out on plague infected animals in the near future 


Fourn^au, E (1925) 
Whitmore, F C (1921) 
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Table III 

Vaccines incubated for 35 days and longer (35 — 74 days) 


Alkalinit) of the vaccine in 
terms of the amount in ccs 
of NjSO hydrochloric acid 
required to bring S ca of the 
filtrate of the \^ccine 
to pH 7 0 

Number of experi- 
ments 

Number of rats 
used 

1/5 

rt 

a 

u 

? 

o 

Percentage 

toxicity 

Survivors 

‘ Plague deaths 

Percentage 

immunity 

00—10 





j 



12—2 0 








2 2—3 0 

2 

120 

5 

41 

101 

74 

267 

3 2-4 0 

10 

839 

23 

27 1 

694 

513 

261 

4 2 — 5 0 and over 

34 

1,559 I 

64 , 
1 

41 

1,306 

879 

327 

Vaccines incubated foi 

Table IV 

shoitci periods (23 — 

■34 days) 


1 

Alkalinity of the vaccine in 
terms of the amount in ccs 
of N|50 hydrochloric acid 
required to bring See of the 
filtrate of the vaccine 

to pH 7 0 i 

.1 

Number of experi- 
ments 

Number of rats 
used 

cn 

S 

a 

y 

o 

Percentage 

toxicity 

Survivors 

tn 

rt 

O) 

•o 

o 

g- 

rt 

5 

Percentage 

immunity 

0 0—10 








\2~2 0 I 

1 

1 






♦ 

2 2—3 0 i 

8 

300 

8 

26 

250 

171 

316 

3 2—4 0 

19 

630 

18 

28 

505 

342 

32 3 

4 2 — 5 0 and over 









From a study of these two tables it would appear that neither the toxicity 
nor the potency of the vaccines is appreciably affected by the variations in 
the amount of alkalinity in the finished vaccines 


Summary 

1 During the growth of plague bacilli in brotli, the medium becomes 
alkaline, this alkalinity of the medium steadily increases in amount from 
week to week reaching a maximum point between the fifth and the eleventh 
week of incubation, this is followed by a senes of slight rises and falls m 
the amount of alkalinity throughout the period of incubation extending to 

176 days 
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HaRPrineCI) was the first to notice that plague bacilli cultivated in broth 
ceased to multiply after an incubation period of five to six weeks , Tie found 
that this broth, in which the organisms had grown, would not feed any further 
growth of plague bacilli and was no longer a cultivating medium for this 
organism , he, therefore, concluded that this liquid medium is exhausted of its 
nutritious elements 

Mayr(2) noted that if the broth was faintly acid at tlie time of inocu- 
lation with plague bacilli, it became alkaline when growth began to show 
itself, he found that this alkalinity was partly due to the volatile alkali, 
ammonia, he further noticed that this alkalinity of the medium increased 
pan passu with the growth of the bacilli, until it interfered with the further 
growth of the microbes 

Bannerman(3) also found that plague baalh grown m nutrient broth produced 
alkalinity of the medium, which alkalinity increased regularly from week to week 
reaching a maximum m six to eight weeks, and that this increased alkalinity caused 
the stoppage of further growth, although the plague bacilli may remain alive in 
such an alkaline medium for at least eighteen months Further, the neutralisation 
of such an alkahne medium resulted in the gradual increase once again of the 
amount of alkalinity due to the growtli of plague baalh, and, therefore, the 
nutnent elements in the culture medium were not exhausted, the stoppage of 
growth was really due to the amount of alkalinity reached by the medium Lastly, 
he considered that the alkaline body in the medium is probably not the plague 
toxin 

Production or Arkaunitv ini Broth by the Bacillus pestis 
Bannerman s observations were based on experiments carried on a single 
brew of the prophylactic and only extended over a period of six weeks We have 

( 336 ) 
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From the graph it will be seen (a) that iheie is a gradual and steady 
increase m the amount of alkali produced from week to week reaching a 
maximum point between the fifth and the eleventh week, (b) and that this 
IS followed by a senes of small rises and falls throughout the period of 
incubation extending to 176 days 

Agar cultures, made to test the purity of the cultures, yield a good 
growtfi of plague bacilli even though the broth culture has been incubated for 
176 days 

Effect of Storage on the Alkaeinitv or Peague Vaccines 

With a view to determining the effect of storage on the alkalinity of plague 
vacanes, we have, at intervals of seveial months, estimated by the titration 
metliod tlie amount of alkalinity m ^acclnes, which have been heated, but not 
carbolised, and which have been stored at room temperature for varying periods 
of time 

The results are summarised in the following table 


TabeE I 


Vaccine in- 
cubated for 
weeks 

Germ number 405 
' titrated on 

L_ 

Germ number 416 
titrated on 

Germ numlxir 426 
titrated on 

Germ number 427 
titrated on 

SI 

4 

o 

r— 1 

20-8-1925 


28-8-1924 

21-8-1925 

20-2-1927 

lO 

1 

1 

VO 

1 

22-8-1925 

21-2-1927 

20-1-1925 

25-8-1925 

27-2-1927 


ac. 

cc 

C.CX 

c c 

c c 

c a 

C C 

c c 

c a 

c c 

j 

1 C c 

) 

ca 

1 

07 

08 


12 

135 

12 

07 


07 

05 

06 

06 

2 

11 

11 

1 


15 

16 


10 


105 


1 


3 

20 

20 

20 

19 

22 

19 

18 

1 7 

1 6 

28 

28 

26 

4 

26 

26 

25 

26 

26 

26 

24 

23 

24 

34 

35 ^ 

34 

S 

35 

i 34 

34 

28 

28 

28 

1 

26 

' 28 

24 

39 

37 

139 

6 

2.9 

27 

28 

30 

33 

31 

30 

28 

30 

36 

3 55 

38 

7 

26 

27 

28 

26 

27 

26 

36 

34 

37 

38 

3 75 

38 

8 

37 

37 

! 

30 

33 

31 

1 28 

30 

27 

39 

38 

38 

9 

47 

43 


36 

39 

36 

’ 32 

31 

33 

30 

32 

33 

10 

m 

29 

31 

43 

42 

40 

34 

34 

33 

45 

47 

44 

11 

12 


38 

1 " 

34 

35 


26 

25 

25 

51 

4 75 
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36 

34 

33 

45 
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The Thai macoloqicol Aciion of Qmnmmiie 


quinamine are known and tlic following lahlc gives their mode of preparation and 
their physical properties — 


howcridcs and dcuvahvc’; of qmnamine 


Name and Formula 

Formation 

Properties 

Qinmmidine, CjoH lOiNj 

Action of Tartaric acid solu- , 
lion oil quinamine at 130® 

Crystals mp 93®, [ ] D 
“1-4 in alcohol 

QDinamicinc, CipH lOsNj 

B> evaporating quinamine witli 
sulpliuric acid in alcohol 

Cr\stals mp 109®, [ * ] 
+381® 

Protoquinamicinc, CwH lO-Na 

B} heating quinamine sulphate 
at 120® 

Amorphous 

Apoquinamine, CioHmONs 

B> heating quinamine or 
quinamicinc with hydro- 
chloric acid 

Costalliscs in leaflets or 
prisms mp 114®, Irc\orota 
too" 


Solutions of quinannnc yield a yellow amorphous precipitate hut no green 
colour when tested with dilorme or bromine water and ammonia The solid 
alkaloid wdien moistened w ith strong nitric acid gives a yellow' colouration 

A perusal of the literature show's that neither the action of quinamine itself 
nor its isomendes or denvatnes have been investigated We are very' grateful 
to Mr G E Shaw, bsc, ric, res, Qumologist to the Government of Bengal, 
for kindly supplying us w'lth sufTicicnt quantities of tins alkaloid to enable us to 
stud> Its pharmacological action 

' Pharmacological Action 

Action on nndiffci cntiatcd pioloplasnt — The bactencidal action of quinamine . 
salts is less pow'erful than some of the other cinchona derivatives Hremolytic 
streptococci are Icilled by a 0 5 jier cent solution in 24 minutes, but w'eaker solu- 
tions have no effect In broth cultures B tvfltosns is not killed by 0 1 per cent 
solution even in 10 minutes 

The lethal effect of quinamine on Paianicecium caudatmn w'as studied on the 
organisms cultured m hay medium The results are tabulated below' — 


1 

Dilutions of Quinamine 

1 Time taken to kill 

pH 7 82 

pH 718 

1 in 2000 

1 

4 minutes 

6 minutes 

1 in 3000 ’ I 

8 minutes 

9 minutes 

1 in 4000 

18 minutes 

20 minutes 

1 in 5000 

19 minutes 

22 minutes 


One or two alive after 

Just a few alive but sluggish 

1 in ouuu 

30 minutes 

afer 30 minutes ^ 


\ 
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two or more of the signs which the Plague Research Commission had con- 
sidered as signs of toxic deaths m rats(5) In estimating the potency of 
tlie vaccine we have also followed the Commissioned), by omitting from our 
figures thhse deaths which had occurred in the rats on the day of infection and 
tlie day following where post-mortem examination failed to show any of the 
naked eye appearances of plague and where microscopical examination of 
smears made from internal organs, such as the spleen and liver, failed to 
reveal the presence of plague bacilli 

These results are here summarised in a tabular form 


^ Tabi^E II 


Alkalinity of the vaccine 
terms of the amount in acs 
of NjSO hydrochloric acid 
required to bnng 5 cc of the 
filtrate of the vaccine to 
pH 70 

Number of experi- 
ments 

Number of rats 
used 

* Toxic ’ deaths 

Percentage 

toMCity 

! 

, 1 

1 

! 

to 1 

1 U 1 

O 1 

1 r* 

c 

S3 

; CO 

' Plague ' deaths 

Percentage 

immunity 

00-10 

0 

1 

1 

S 

80 

3 

3 75 

. 

60 

39 

ss'b 

12—20 

0J0 

1 

5 

90 

5 

55 

63 

40 

365 

22—30 

US 

18 i 

1 

330 

14 

42 

254 

131 

484 

32-40 

l*J9 ' 

20 

385 

11 

30 

318 

208 

1 

34 5 

4 2 — 5 0 and over 


10 

215 

2 

i 

09 

1 

192 

i 

j 

121 

370 


From the above table it would appear that there is no correlation between 
the amount of alkalinity present in the vaccine and its influence either on the 
toxicity or on the potency of the vaccines, in the doses that we have em- 
ployed 


2 Heated and carbohsed vaccines 

For the past fourteen months we have been regularly estimating the 
potency of the plague prophylactic brewed at this Institute for public use , 
we have estimated the amount of alkali produced in these brews by the 
titration method already referred to The vaccines fall under two groups, 
namely, those incubated for 35 days and longer, and those incubated for 
shorter periods varying from 23 to 34 days to cope with the increased demand 
made on the vaccine Both these groups have been carbohsed so as to contain 
0 5 cc of the antiseptic, after their sterilisation by heat We have estimated 
their toxicity and potency in relation to their alkalinity 
The results of these experiments are here summarised 








Graph II 
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2 Even though the broth culture of plague bacilli is incubated for a 
period of 176 days, the organisms are still viable and a good growth is 
obtained on agar slopes when subcultured 

3 The amount of alkalinity present in the vaccine has apparently no 
influence either on its toxicity or on its potency as estimated in rats 

REFERENCES 

1 Indian Plague Commission, 1898-99, Vol I, p 4 

2 Indian Plague Commission, 1898-99, Vol III, pp 18 and 19 

3 Scientific Memoirs hv tlic Officers of llie Medical and Sanitary Department of the 
Government of India, New Series, No 33, pp 11 and 12 

4 Indian Journal of Medical Research Vol III, No 4, pp 824 and 825 

5 Journal of Hygiene, Vol X, November 1910, Plague Number, p 550 

6 Journal of Hygiene, Vol XI, December 1911, Supiilement, p 232 



346 


The Pharmacological AcUon of Q^nnamine. 


(35 mgm total) both the aunclcb and ventricles stop in diastole hut can he tern- 
poranly revived with 1120 cc of adrenalin (Graph II (rf)) Quinine, quinidine, 
cinchonine and cinchonidinc in 5-mgtn doses sometimes produce a momentary 
stimulation of the auricular or ventricular heats when recorded by this method, 
hut this IS never noticed after quinammc The slowing effect appears to be more 
marked with this alkaloid It will, therefore, he interesting to sec the action of 
this alkaloid in such conditions as tachycardia and auricular fibrillation 

Rc^puolioii — Quinammc administered intravenously to experimental animals 
under anaesthesia produces a well marked slowing and a slight decrease in the 
amplitude of the respiratory movemenls (Graph I (o) and (b) ) , there also 
appears to he some iclaxation of the bronchi Both these effects are not altered 
by section of the vagi 

Gpnito-Urin \'r\ System 

Kidney volume — There is incanahly a contraction of the \olttmc of the 
kidnc3's corresponding more or less to the fall in the Idood pressure This, how- 
ever, soon passes off 

The Uterus — The action of quinammc on the uterus was studied on the 
isolated uterus m the uterine hath and also m intact animals The method adopted 
for determining the action of the alkaloid on the uterus iii iiiu was a modification 
of the technique adopted by Barbour (1915) The animal was anrcsthetised ivith 
urethane and the abdomen opened h^ a median incision about 31 inches long 
starting at the level of the symphysis pubes Two fingers w'ere introduced into 
the abdominal cavity, the uterus w'as identified and one of its horns gently raised 
from Its bed, great care being taken to injure the blood supply as little as possible 
This horn including the o\ary w'as carefully freed from its attachments and lifted 
into a vertical position by passing a thread through the broad ligament near its 
ovarian end This thread was passed over a system of pulle}'’s and was attached 
to the lever writing on the kymograph The vertical portion of the horn W'as 
enclosed in a glass cjdinder wdiich w'as filled with normal saline at a temperature of 
37 5°C Owung to high atmospheric temperature the saline once put in the 
cylinder retains its temperature for a long time and it is not necessary to add w'arm 
fluid to keep the temperature at that point Within about 10 to 20 minutes the 
uterus recovered from the shock and began to show its usual automatic movements 

On Virgin Uterus — The isolated virgin guinea-pig’s utems is markedly stimu- 
lated and the alkaloid in dilutions of 1 m 200,000 produces a well marked and 
persistent to-nic contraction of this organ Even 1 in 500,000 dilutions produce a 
slight but persistent tome contraction of the organ (Graph III (a), (6) and (c) ) 
The virgin uterus of the cat in situ show's tonic contractions when quinamme is 
given intravenously m doses of 3 to 5 mgms If the uterus is relaxed with 
adrenaline and an injection of a few milligrammes of the alkaloid is given not only 
IS the normal tone regained but tonic contraction is produced (Graph I (c) ) 

On Pregnant Uterus — The tone as well as the rhythmic movements ot 
pregnant cat’s uterus in situ are increased by 2 mgm given intravenously, while 
4 to 5 mgm produce a well maiked tome contraction of the utems (Graphs I (c) 
and III (d) ) 
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QuiNAMiNfi was first discovered by Hesse in the bark of Cinchona succirubra 
and has since been found m small quantities in the barks of C officinalis, 
C rosiilenta and several vaneties of C cahsaya particularly ledgenana It can be 
easily separated from the bark by the following process described in Allen s Com- 
mercial Organic Analysis ' 

“ The mother liquors from the crystals of quinine sulphate are precipitated 
with Rochelle salt, the filtrate treated with ammonia and the precipitate washed 
with ether The ethereal washings are treated with acetic acid, the liquid neutra- 
lised, and while warm treated with potassium thiocyanate till on cooling, cinchonine 
can no longer be detected Quimdine is then precipitated together with the 
colounng matter The filtered liquid is treated with sodium hydroxide, and the 
resinous precipitate dissolved in a minimum of hot 80 per cent alcohol, from which 
qmnamine crystallises on cooling " 

Quinamine belongs to the dextro-rotatory group of cinchona alkaloids It 
crystallises from dilute alcohol in long silky anhydrous needles which melt at 
172° [ a ] D + 93 4° in chloroform, and -f 104 5° in 2 0 per cent alcoholic 
solution (97 -per cent alcohol) It is nearly insoluble in cold water, but readily 
dissolves in boiling water It is freely soluble in hot alcohol, m boiling ether, 
petroleum ether and benzene It has no taste by itself but its solutions in acids 
are very bitter like quinine The solution in excess of dilute sulphunc acid 
exhibits no fluorescence Acid solutions of quinamine are easily decomposed with 
the formation of an amorphous alkaloid called quinamidme which is isomeric with 
quinamine Quinamicine is also formed and under certain conditions apoquina- 
mine, is produced A number of isomendes and derivatives of 
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The PJiaunacological Action of Qninamine 


Summary and Conclusions 

(1) Quinnmine occurs in njiiirecinble quantities in cinchona bark produced in 
India {sitccuubta and Icdgcnaita) 

(2) The action of the alkaloid on the undifferentiated protoplasm such as 
bacteria or jirotozoa is not inaiked 

(3) Qiiinamine has little effect on the digestive cnz 3 'ines It stimulates the 
peristaltic movements of the intestine and increases their tone Intravenous in- 
jections cause an increase in the Aoluine of the spleen and stimulate its contiac- 
tions 

(4) This alkaloid has a somewhat weaker action on the cirailation than other 
alkaloids of the cinchona bark The blood pressure falls but soon regains its 
normal level Myocardiograph shows that the force and frequency of the heart 
are both decreased 

(5) The respirations are slowed and there is slight but persistent dilatation 
of the bronchi 

(6) The effect of quinaininc on the uterus is ^er 3 pronounced and e\en in 
dilutions of 1 in 500,000 it produces a w'cll marked tonic contraction of the isolated 
uterus of cat and guinea-pig Both the virgin and pregnant uteri in situ show 
well marked tonic contractions after injection of 2 to 5 milligrammes of the 
alkaloid It is possible that quinainiiic is mostly responsible for the oxytocic 
properties attributed to quinine 

(7) The an.csthetic action of qiiinamiiie on cornea and blocking of impulses 
in nerve tiunk is almost as marked as that of cocaine 


(1) Acton, H W (1921), 

(2) Acton, H W (1922) 

'(3) Darbour, H G (191S) 

(4) Davies and Sadtler (1912) 

(5) Henry T A (1924) 
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Acton (1921) found that at a pH of 7 25 the minimum lethal concentration 
for quinine, quinidme and cmchonidine is 1 m 10,000'' and for cinchonine 1 m 
3 000 whereas at a pH of 7 79 the minimum lethal concentrations for quinine is 
I’ln 50,000, for qumidme 1 in 100,000, for cinchonine 1 in 4,000 and for cinchom- 
dme 1 m 50,000 Quinamme is therefore, much less toxic to P caudatwn than the 
other alkaloids of cinchona hark excepting cinchonine, and further the minimum 
lethal concentration does not differ materially within such a range of hydrogen- 
lon-concentration 

Alimentary System 

We studied the action of the alkaloid on the various digestive ferments and 
found that it was very feebly active On the digestion of starch by ptyaline as 
well as that of proteins by trypsin it has no appreciable effect Dilutions of 1 in 
50,000 and above have no action on peptic digestion but stronger solutions have a 
somewhat retarding effect , 

In dilutions of 1 in 100,000 the tone of the 'isolated pieces of intestines is 
increased and the peristaltic movements are stimulated The same phenomenon 
occurs when the alkaloid is injected intravenously m doses of 5 to 10 mgm in 
intact animals 

The volume of the spleen shows a definite rise and the rhythmic movements 
of this organ are markedly stimulated (Graph I (o)) 


Circulatory System 

Quinamme when given intravenously to experimental animals has only a 
slight depressing effect on the blood pressure 5 mgm hardly produce any effect 
in a cat of average size, in fact sometimes a slight nse is noticed 10 mgm 
produce a well marked fall, the pressure, however, soon regains its normal level 
(Graph I (a) and (&) ) The fall of pressure is in no way affected when quinamme 
IS administered after section of the vagi or after the vagal nerve endings are 
paralysed by atropine 

The fall of blood'pressure is probably due to the direct depressing action of 
the alkaloid on the heart and the vaso-ddatation m the splanchnic region as is 
evidenced by the nse in the volume of the spleen The pulmonary blood pressure 
falls slightly, corresponding to the fall in the systemic blood pressure 

The isolated mammahan heart when perfused with 1 in 60,000 dilutions of 
quinamme shows only 4 slight depression while dilutions of 1 m 120,000 have no 
appreciable effect Stronger concentrations such as 1 m 12,000 produce a progres- 
sive slowing, weakness and irregularity of the beats but these soon pass off if the 
alkaloid is stopped, the heart regaining its normal rhythm and force* Graph II 
(a) shows the depression produced in the ventricle by 5 mgm of quinamme given 
intravenously, as recorded by Cushney’s myocardiogram It will be seen that the 
beats of both the auricle and ventricle are depressed and are visibly slowed after 
an injection of 5 mgm (Graph II (Z,) ) After a further dose of 10 mgi^ u 
the same ammal (15 mgm total) ths effect becomes very much more marker ti e 
veumde ,s more depressed than the auncle and both the force and amptodetf 
the contrachons .s weakened (Graph H (c) ) After a further .n,ect.on oj M 
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Porolceiatosis Its Causation and Treatment 


the light of this research, porokeratosis is a localised ichthyosis with secondary 
atrophy of the epidermis in the centre of the lesion (morpheea) Hitherto the 
disease was considered to lie resistant to tlic ordinary treatment by keratolytic 
agents such as salicylic acid, etc Cases when treated in hospital responded at once 
to proper-thyroid medication 

Dtslnbniion of the lesions — The lesions arc commonest on the hands especially 
on the dorsal aspect, and less commonly on the palmer aspect (Plate XXXIV) 
They may be present on the feet as well, with the same distribution as the hands 
Plate XXXV shows a more extended distribution spreading up the arms to the 
side of the face and neck Respighi and Duccry have described lesions inside the 
mouth in three out of four cases Whilst Mibclli 1899 also found lesions in the 
mouth and on the glans penis in an extensive case of the disease 

Couise of the disease — The lesions appear first as small horny elevations 
resembling a corn which slowly increases bv a centrifugal spread, or as a thin 
callous spot These areas gradually enlarge taking months or years before they 
reach any conspicuous size The lesions may appear during childhood and slowly 
progress throughout life, new' lesions developing from tune to time (Case 6), but 
other cases do not appear until adult life or old age 

Description of the lesions — The edge is often irregular in outline but sharply 
defined against the outlying healthy skin, being raised hard ordioni} and darker in 
colour with the margin invcitcd or c\crtcd Inside this wall is a scam or dyke 
which forms a narrow' trough, the inner wall of the trough is bounded b} a thin 
cord-hke elevation In the trough here and there arc found small round areas of 
hyperkeratosis, which can be jiiekcd out leaving pits The edge may be distinctly 
wall-hkc, jicrpcndicular on its inner aspect, and on the outer side rapidly merging 
into the healthy skin These edges may be fairly well rounded, but more often 
have a wavy irregular outline The enclosed iiortioii is always low'cr than the 
general skin surface and has an atrophic depigmented appearance, with slight 
scahness or a wrinkled surface ow'ing to the normal lines of the skin being shgbtly 
widened, and a smooth surface ow'ing to the disappearance of the lanugo hairs On 
the mucous membranes the lesions ajipcar as opalescent, rounded or irregular 
patches which are limited by a w'hitc laiscd bordei and surrounded by a slight zone 
of hyperaimia There may be no subjective symptoms but as a rule the lesions arc 
irritable, and the sweat and sebaceous secretions are m abeyance ow'ing to obstnic- 
tion of their ducts The aflcction does not affect the general health, but as it 
occurs frequently on the hands, the patients come for advice owing to the 
unsightliness of the lesions 

Morbid fliia^oniy —Sections w'crc made from Cases 1 and 2 In the former, 
the whole lesion was excised and, in the latter, a section w'as made through the edge 
and centre of the growth 'The photograph (Rlatc XXXVI) shows the structure of 
the microscopical section At the edge of the lesion the vessels can be seen larger 
and dilated, the horny layer is heaped up into a peak-like projection which shelves on 
' the outer side into tlie healthy skin, and on the inner side the wall is straight cut 
and ends in a dyke below the surface level The horny cells are imperfectly 
cornified, and the pigment is increased m the basal layer on the outer side of tlie 
wall As one proceeds inwards, the vessels in the corium are surrounded by 
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PoioJceiatosis Us Causahov and Tieatmcnt. 


there was a definite history of iiilieritance, in the otlicrs this point -was not carefully 
asked for from these patients As the result of my work on diseases like asthma, 
etc , 1924-1925, I showed that the causation of many of these diseases was bound 
up with the endocrine defence mechanism, and the degree of their function was 
frequently inherited from the parent As the result of my studies on skin diseases 
such as ichthyosis, etc , where there is a family history very frequently present, I 
came to the conclusion that many of these so-called hereditary diseases were hound 
up m a similar way with the endocrine function and were inherited from father to 
son, just as colouration, texture of haii, etc , is inherited and closely related to the 
function of the various endocrine glands 

Causatiou — Tommasoh was the first to show th.it he considered porokeratosis 
to be an abnormal form of hyperkeratosis of the skin, which was not in any way 
a diflfcrent disease We have been able to iiersuadc two of these patients to come 
into the hospital and in lioth of them the basal metabolic rgte was very low indicating 
that there was some dcficicnc\ in the action of the thyroid gland This finding has 
been an almost invariable rule in all our cases of ichthyosis, follicularis, etc 
Moreover, with proper tlij roid meditation, these cases ha\e been cured so rapidly 
and completely as to suggest th.it there was some direct association between the 
thyroid functions and the occurrence of these hypertrophies 

On studying the deficient function of the thyroid such as is seen in myxoedema, 
the skin IS not h) peril opined, nor do wc sec conditions such as ichthyosis, etc I 
would suggest that there is probably some other factor which controls the growth 
of the skin m such areas, and that the thyroid function is indirectly associated wth 
this growth principle so that when there is hypofunclion of the th 3 roid we see 
the action of the growdh factor, and when there is normal or high function of the 
thyroid this principle is kc])t in check I do not believe that the association of the 
thyroid and these hypertrophies is a direct one. because sometimes the basal 
metabolic rate is not markedly diminished, and sometimes, though rarely, 
the thyroid treatment fails The hereditary elTcct on the thyroid gland can thus 
be explained, and so the disease would tend to be a family one 

Ticaiiiu Ilf — Hitherto, porokeratosis has been regarded as an incurable disease, 
and the treatment recommended has generally been a keratol}'tic ointment, airettage, 
or the use of caustics Lately, ] have been using thyroid medication m all these 
cases, and the results have been very striking in our indoor patients, and of very 
little use in the outdoor In the indoor patients the metabolic rate is first taken 
and, according to the degree of deficiency, the dose of thyroid is regulated, if it is 
diminished betw'ccn 15 .and 20 per cent, w’c generally give 2 grains of the dried 
thyroid gland twice a day and the pulse is recorded every four hours The dose of 
the thyroid is increased or diminished so as to keep the pulse rate between 90 and 
100 In cases where the metabolic rate is cliinmished more than 20 per cent we 
generally give 3 grains twice a dav, and the pulse is lecorded four-hourly Within 
a few days a very marked improvement is noted and usually a cure occurs within 
two weeks In the cases treated in the out-patient department, where large doses 
oi divroid cannot be given, tins improvement is not seen to the same extent and 
It appears that the thyroid treatment is not effective unless the patient is at rest 
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On Mnltipm ous Utci ns — The reaction of the multiparous uterus to quinamme 
IS very similar to that of the virgin uterus , both the tone and the automatic move- 
ments are markedly increased 

'Actoif (1922) showed that with 1 in 40,000 dilutions quinine throws a 
pregnant uterus into a high state of tonils while 1 in 100,000 only increases the 
intermittent uterine contractions Weaker dilutions such as 1 m 180,000 have no 
effect whatever Quinamme, however, causes marked tonic contraction of the 
uterus in such high" dilutions as 1 m 500,000 , and m stronger concentrations tlie 
effect becomes more and more marked It will be seen therefore that quinamme 
m concentrations in which it is likely to circulate m the blood after absorption, has 
a well marked action on the contraction of the uterus and is likely to produce 
abortion It is possible that the idea prevalent about quinine producing abortion 
in pregnant women was due to the presence of this allcaloid as an impurity with 
quinine, as Acton’s work has shown that none of the other alkaloids have any 
marked stimulating effect on the uterine contractions m the concentration m which 
they circulate in the blood It is a well known fact that most of the commercial 
preparations of quinine on the market are not pure and contain appreciable quan- 
tities of other cinchona alkaloids The oxytocic action of quinamme should also 
be borne m imnd when prescribing cinchona febrifuge, which contains all the 
alkaloids of cinchona bark including quinamme, to pregnant women 


Ncrvous SystivM 

Quinamme m dilutions of 1 m 750 produces partial anesthesia of the rabbit’s 
cornea in about 5 minutes , with stronger solutions complete anesthesia is produced, 
as shown m the following table — 


Dilutions of quinamme 

Anesthesia 

Produced m 

Lasting for 

1 in SOO 

5 minutes 

About 7 minutes 

1 in 200 

4 minutes 

About 10 minutes 

1 m 100 

4 minutes 

About 15 minutes 

1 in SO 

3 minutes 

About 30 minutes 

1 in 25 

2 minutes 

About 35 minutes 


1 in 50 or 2 per cent solutions of cocaine and 1 m 25 or 4 per cent solutions 
of qumamine produce anaistliesia of tile rabbit's cornea in 2 minutes and the 
aniBSthesia lasts for 21 minutes in the former and 30 minutes in the latter case 
A 4 per cent solution stops the conduction of impulses through the nei^ of a 
sciatic-gastrocnemms pteparauon of a frog in about 12 minutes itnn ' 

the same strengtli the same result is obtained in about 94 minutes"^ ^ 





Plate XXXIV — Illustrates the lesions in Case 7 The more recent lesions 
appeared as flat cornified areas which later became atrophic and depigmented with a 
raised wall round the atrophic area 
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^’ynojivnt^ —Hyperkeratosis eccentnea (Respighi), keratodermia eccentrica, 
hyperkeratosis figurata centrifuga atrophicans, Fr porokeratoses 

Introduction — In 1893, this rare skin condition was first described by Mibelli 
as a hitherto unrecognised t}'pe of hyperkeratosis, occurring on the extremities as 
small eccentncally shaped patches The name porokeratosis was given to it by 
Mibelli, for he considered it to be essentially a hyperkeratosis occurring round the 
sweat pores In the same year and independently Respighi 1893 also described the 
disease Tommasoh 1894 was the first to question the individuality of this hyper- 
keratosis, as he believed it was only an unusual example of other hyperkeratosis, 
such as iclithyosis, linear nsew, etc Mibelli in 1895 was convinced from the clinical 
features, histological findings and the course and behaviour of the disease that it 
was stnkingly different from any known skin disease Macleod 1920 states that 
about 60 cases were on record and it had been observed in England, France, 
Germany and America My excuse for writing abPut this condition is that dunng 


the last few years I have seen no less than eight cases of porokeratosis Moreover, 
I agree with Tommasoh that it is merely a type of hyperkeratosis, which spreads in 
an irregular centnfugal manner With the increase in size atrophic changes take 
place m the centre of' the lesion I will further show that the condition is partly 
correlated with hypofunction of the thyroid gland In Calcutta I see every year 
a number of these conditiohs of hypertrophy of the various layers of the skin, 
and have classified them under four main headings 


(t) Hyperkeratosis of the horny layer, ichthyosis, («) hyperkeratosis of 
the hair follicles, folhcularis, (m) hypertrophy of the corium, scleroderma and 
{w) hypertrophy of the deeper layer of the corium and atro'phy of the surface 
layer, morpheea They are all partially related to hypofunction of the thyroid 
gland This work which is as yet unpublished is in preparation, and I hope to 
bring together some 30 odd so-called skm diseases und6r these four headings In 
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endothelial cells and the melanoblasts are not seen so that the pigment m the basal 
layer is much diminished^ the horny layer is lost and the surface is covered b> 
flattened epithelial cells With the increase in the blood supply at the edge there 
IS an increase m pigment production and in the heaping up of tlie horny layer, but 
with the pressure caused by the hypertrophy of the endothelial cells, the blood 
supply IS diminished so that both the pigment and the production of horny cells is 
diminished, leaving the surface layer white and atrophic in appearance Sections 
were stained in various ways for spirochetes and other organisms, but none were 
found 

Dcscvipfioii of the Cases — Case 1 Hindu male, aged 20, with a single lesion 
situated on the inner side of the nipple The lesion was removed by excision 

Case 2 Mohammedan male, 28 years of age, history of the disease for two 
years, no family history recorded The kgs were in an ichthyotic condition A 
section was made from the lesion and the patient was treated with thyroid and 
salicylic ointment He attended for two weeks and was not seen again 

Case 3 Hindu male, 22 years of age, witli a single lesion on the back of tlie 
left liand' He had noticed Tt for one year Tlie case was treated with carbon- 
dioxide snow and healed leaving a scar 

Case 4 Mohammedan male, 30 years of age, lesions on the hands and feet, 
chloasma on the face Was treated with thyroid and salicylic ointment and was 
cured 

Case 5 Mohammedan male, aged 32, duration of the disease six months, 
treated witli thyroid and salicylic ointment m the outdoor and was almost cured 
His father also suffered from the disease 


Case 6 Hindu male, 35 years of -age, duration of the disease 22 years 
Lesions situated on the side of the face, neck, arms and legs {sec Plate XXXV) 
He gave a definite history of the disease occurring in his family and in several ot 
his brothers and sisters 


on 


Case 7 Mohammedan male, aged 16 years of age, was admitted into hospital 
„„ the 26th of January, 1927 The lesions were distributed mainly on the hands 
and feet {see Plate XXXIV) His brother was also suffering from the disease 
The disease appeared early in life and there were exacerbations on and off during 
the winter montlis The basal metabolic rate was taken and was found to be 35 per 
cent below normal He was placed on thyroid treatment on tlie 1st of February 
and by the 8th, the lesions had completely healed No local treatment was given 

Case 8 Mohammedan male, aged 20 The disease appeared early m life 
and tlie single lesion was similar to that of his brother which lasted for a year’ 
The basal metabolic rate was taken and found to be 20 per cent below normal He 
was placed on thyroid treatment on the 29th of January, 1927, and on the 8th of 

JT"' was discontinued 

The basal metabolic rate m both of these brothers was taken on the lOtli Febmarv 

Strnorm” 7 and 4 per cent m Case 8 

The disease was first shown by Gilchrist to be associated mtb 
some factor which was mherited from tlie parent In tite Cases of 5, 0 7 and 8 



Platf XXXV 
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C0NC1.US10NS 

(1) Porokeratosis, although a distinct clinical entity, is merely a form of 
hyperkeratosis 

(2) Clinically it is characteri'^ed by the occurrence of raised corn-hke lesion&, 
which as they enlarge form an irregular raised wall, which surrounds an atrophic 
depressed centre 

(3) Histologically, it is characterised by an increased vascularity of the 
papillary vessels which causes acanthosis and hyperkeratosis With the continued 
vascularity the endothelial cells and fibroblasts multiply in the corium, constnct the 
vessels by pressure and atrophy sets in, causing the depressed depigmented 
wrinkled centre 

(4) The association of a familial tendency and the lowered basal metabolic 
rate suggests that there is a partial correlation with hypofunction of the thyroid 
gland 

(5) The correlation is not a complete one as these lesions are not found m 
other conditions of hypofunction cf the thyroid such as myxoedema and cretinism 

(6) The lesions can be cured in two to three weeks by proper thyroid 
medication 

(7) Porokeratosis is therefore a localised keratosis with central atrophy 
(morphoea) and falls into the large group of so-called skm diseases, xeroderma, 
scleroderma, folhcularis and morphoea, which are all partially associated with 
h)rpofunction of the thyroid 


Mibeli,, V (1893) 

Respighi, E (1893) 

Ducery, a and Respighi, E (1898) 


Tommasoei (1894) 
GacHRisr (1899) 
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Plate XXX\'I — I\licroj)hofo^ri[p!i of a ''CCtioii through the lesion showing (1) 
the raised coniificd wall, (2) the d}ke helow' the wall, (v3) the hypertrophied 
p.ipilla;, (4) the floor thinning out b) pressure atrophy of the papillary vessels 
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skin It IS therefore possible to get these angiomata ocairring at three difTerent 
levels of the skin in cither a dilTusc or nodular form 

Definition — Sarcoids arc acquired venous angiomata that are produced by 
proliferation of the lining of these vessels, which in turn is caused by the irrita- 
tion of bacteria or some circulating to\m The clinical tyi)cs that will be described, 
therefore, depend on the position at which the venous i)lc\uscs arc involved in 
this hypertrophy 

Clinical tvpcs — (1) The commonest type that is seen are the small venous 
angiomata which arc situated superficially, and were first described man} y'cars 
ago by Morgan at the Middlesex Hospital when he noticed them in {issociation 
with cancer of the bowel These spots arc spoken of as the tachc d6 Morgan 
They arc seen as small angiomatous areas which arc fiat in appearance and rise 
aliovc the surface level of the skin 'I'hcj arc bright red in colour owing to the 
vessels being filled with arterial blood, as they are derued from the finest \cnulcs 
formed from the arteriole tufts of the papilke These spots arc very frequently 
seen on the trunk, in ])crbons who arc over 40, and arc generally associated woth 
some septic foeus m the alimentary canal , it niaj be the teeth, throat, stomach 
or gut They often appear suddenly and grow to their maximum size about 
3 millimetres in a few days time They may persist as such or undergo spon- 
taneous cure It appears that these s])ots arc derued from the fine plexus of 
venules situated immediately under the basement membrane 

(2) The type described by Bocck consists of two clinical varieties — • 

(a) The nodular type (Platt XXXVII) This is the commonest clinical 
variety that I have seen During the last jear (1926) I saw o\cr 20 cases, all of 
whom had sufifertd from c])idcmic dropsy The nodules \ary m size from a millet 
seed to a small hazel-nut, and raise up the epidermis Occasionally these nodules 
grow' very rapidly, forming large tumours the size of a small walnut The rapid 
growth IS largely due to an cedcina wdiich is produced in the subaitaiicous tissue 
by diffusion of scrum from the venules and gives the histological structure of 
the tumour an appearance like a nasal polypus (Plate XLI, fig 3) The lesions 
occur chicfiy on the trunk, less numerous on the hands and sometimes involves the 
mucocutaneous junctions of the nose and anus 

(h) The plaque type The plaque type occurs as dark red plaques which 
extend much lower down in the cutis than appear at first sight to the eye On 
palpation the thickness of the plaque can easily be felt when it is moved on the 
subaitaneous tissue In the erect position, when of large size, they swell up 
above the skin surface and subside w'hen lying down at rest The commonest 
site of the lesions arc on the backs of the hands and face Plate XXXIX show's a 
large single plaque of the thigh In the centre of these plaques there is often 
a distinct slightly pale coloured orange area, which is hard to the touch and feels 
more solid than the vascular red area In both these types spontaneous recovery 
IS often observed, so that one has to be careful in appraising the value of any 
remedy used for treatment 

(3) The subcutaneous sarcoid of Darier and Roussy In this type the 
lesions are much deeper and situated m the region of the subcutaneous tissue, 



Plate XXXV — Illustrating Case 6 The lesions are more extensive and 
extend to the side of the face 
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Introduction — The term sarcoid is an extremely unfortunate name for 
these lesions, as they bear no relationship or resemblance to the sarcomata The 
name has caused a great deal of confusion, because it had been previously used 
by Kaposi for a, group of diseases which were eitheV sarcomata or resembled 
these neoplasms very closely These diseases were mycosis fungoides, leukemic 
tumours of the skin, Kaposi’s hccmorrhagic sarcoma, and sarcoma cutis Boeck 
(1899) was the first to remove them from these malignant neoplasms He used 
the term sarcoid for a group of lesions which were characterised by the formation 
of nodules, or diffuse infiltration of the skm or subcutaneous tissue, and which 
were innocent in nature The lesions were usually followed by atrophic scarring 
without ulceration, and thus resembled Crocker’s nodular lupus erythematosus 
Darier and Roussy (1904) described a type of lesions which tliey called subcuta- 
neous sarcoids Still later (1910), Darner divided the sarcoids into four types of 
cases (1) multiple benign sarcoid (Boeck), (2) subcutaneous sarcoid (Daner 
& Roussy), (3) a nodular variety resembling erythema mduratum, and 
(4) Spiegler-Fendt type resembling leukeipia cutis Most authorities are of the 
opimon that the Spiegler-Fendt type resembles histologically a lymphomata, and 
should not be classified under this head There is a difference of opinion about 
the third type, which is considered by many to be a vanety of erythema mduratum 
(Bazin) 

Dunng my experience at Calcutta I have seen at least 20 cases of the nodular 
type, 6 cases of the subcutaneous sarcoid type of Daner Roussy, and two cases 
of the erythema mduratum type From a study of the histology and mode of 
production, I am convinced that these skm lesions are acquired angiomata, which 
are caused by the action of bacteria or poisons coming from the gut and setting 
up hypertrophy of the .endothelial lining of the venules at different levels of the 
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if deeper down ne gel Bocck’s nodular type and when the subpapillary venous 
plexus IS involved the Daner Roussy’s t3'pe, finally we get an erythema induratum 
type m tlic siibcuHs Tlie h 3 pcr)roph 3 ' of the endothelium ma 3 '’ be isolated to 
certain venous areas giving rise to the flat or discoid type, or it may be more 
diffuse and spread ccn(rifugall\ giMiig rise to tlic plaque t 3 'pc If situated in the 
subcutajicntis tissues, the spread of the growth may also take place ccntripetally 
giving rise to the nodular t 3 pe 

On examining sections nf the skin in epidemic drops}’-, wc saw that there was 
an enormous dilatation of all the skin vessels m the different areas (Plate XLI, 
fig 2) The venules in the subcutaneous fatl} tissue arc seen to be large and 
dilated, at first sight looking as if hremorrhages had taken place in this area In 
the vessels under the epidermis there is a distinct proliferation of endothelial cells 
round these \csscls, which indicates irritation b\ some agent 

Sections made from the tachc dd Morgan shows that the h 3 pertroph 3 ’ of the 
vessels occurs immediatclv under the basement membrane, so that the colour of 
the blood is almost arterial in character, wdneh gives these angiomatas a bnght 
red colour There is no doubt these spots arc due to a hvpertroph}’ of the blood 
vessels of the papillar} venous plexus winch in turn is produced as a result of 
stimulation of the angiohlasts h} certain septic conditions of the gut, whether 
due to bacteria, emboli or to the action of toxins is at present unknown 

Sections on the nodular type of sarcoids (Plate XLII fig 4), show that 
there is flattening of the papillae of the epidermis, cedema in the subpapillar}'- 
tissue and the formation of a large number of new' blood vessels extending into 
the corium These vessels have ver} thin vv'alls and resemble v'cins rather than 
arterioles The dilated venules arc seen chiefly in the region of the subpapillary 
plexus, and the smaller venules in the central and more solid part of the growth 
form solid masses of cells which penetrate deep down into the conum Fig 4, 
Plate XL, show’s a sarcoid winch is fnngatingand has become papillomatous Here 
the epidermis is very thin and the papilla; are flattened out over the tumour The 
mam mass of the tumour consists of numerous nevvl} formed vessels separated 
from each other b}' myxomatous looking tissue, winch is rcall}' due to the white 
fibrils being separated from each other by oedema Towards the base of the 
pedicle of tins growth the fibrous tissue is thickened m tw'o directions, fibres 
running parallel to the base, and bands of fibres that follow the main blood vessels 
into the tumour mass Here and there w'ere large dilated v'cnoiis spaces which 
contain, mainly, coagulated serum with a few blood corpuscles at the periphery 
of the space There is no evulcnce of any inflammatory changes or the sugges- 
tion of malignancy 

In the diffuse type of sarcoid Daner Roussy, the growth has a distinct nievoid 
character with numerous blood vessels extending from the basement membrane 
right down into the conum (Plate XLII fig 5) The avascular yellow lookang 
areas were found to be made up of these venules that had collapsed and formed 
solid plugs of endothelial cells In many places the venule wall consists of more 
than a single row of endothelial cells The close relationship between these 
angiomata and inflammatory processes occurring m the body was discovered first 
by Morgan, but is now being extended by me to the whole of tliese sarcoids 
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they do not as a rule extend to the skm surface When this occurs the diagnosis 
IS only possible by section cutting 

(4) The sarcoids of the extremity resembling -erythema induratum Plate XL 
shows these lesions on the right thigh and leg of a girl of about 18 There was 
no surface ulceration, the history was of 10 years duration and the nodules 
approached the skin surface, colouring it a deep purple colour 

Etiology Morgan was the first observer to point out that the spots that 

had been named after him and called tache d6 Morgan, occurred only in elderly 
people and generally preceded cancer of the alimentary canal In 1926, we saw 
a number of cases of the nodular type of Boeck, which occurred secondarily to 
an attack of epidemic dropsy In patients suffering from epidemic dropsy, we 
found that a large number of them were passing micro-organisms m their urine, 
and that these bacteria were denved from the alimentary canal, because they 
belonged either to the cohform group or to the gut streptococci When the 
patients recovered from the dropsy, these angiomata tended to disappear There- 
fore, It appears that in epidemic dropsy the toxins or micro-organisms can, in 
exceptional cases, irritate these vessels and set up hypertrophy with the result 
that new vessels are formed giving rise to angiomata Dr Jos6 N Rodriaguez 
informed me that he has seen similar cases m Manila, Philippine Islands, that 
occurred in patients suffering from beri-beri, at that time he was not familiar 
with the clinical aspects of these lesions 

In the plaque type occurring on the hands and face, we were able to find a 
septic focus in the teeth These were dealt with and the patients treated wfth 
vaccine therapy and apparently cured by treatment In the case depicted in 
Plate XXXIX we were at first unable to find the septic focus, but on culture of the 
urine we obtained a haemolytic diphtheroid organism from which a vaccine was 
prepared, and after a course of six injections the lesions acatrized Previous to 
this the patient had had a course of streptococcal vaccine made from lus teeth 
without any benefit The nodular type seen were all secondary to epidemic 
dropsy Most of the cases were seen m the men who came to the hospital for 
treatment for epidemic dropsy There were four cases amongst the women who 
were admitted into the hospital, in whom the skin condition was diagnosed during 
their stay m the hospital The majority of these cases were between the ages 
of 18 and 45 


Morbid anatomy and pathology— It is first' necessary to describe how tl 
vessels are situated m the skm, as there is considerable confusion m their exa^ 
distnbution m the skm according to the descnption m many text-books on de 

SIT v?T considered to consist of (si 

a e Xi,i, hg 1)-_(1) A fine plexus which is situated directly under the basemei 
membrane of the papilla and which has fine regular meshes This plexus 
followed by two closely situated plexuses with a large mesh We may considi 
these as the papillary venous plexus (2) A larger plexus which corresponds, l 

the subpapillary qrtenal plexus From this plexus venules m in tl-. l ^ 
situated in the subcutaneous tissue under th? ^ venules go to the larger veil: 

hypertrophy of the endothelial cells at these dTTT T possible to g( 

see that if hypertrophy occurs m the « We can, therefon 

yp rtropny occurs in the superficial plexus we get a tache d6 Morgar 
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plexus, {iu) the Dancr Roussy type deeper down m the cutis, and {tv) the 
erythema mduratum type 

(3) These angiomata ate acquired as the result of irritation of vessels m the 
different skin layers by some sejHic condition of the gut, either due to bactena 
or toxins 

(4) As the result of the action of the toxin, an increased permeation of 
thise vessel walls occur, giving rise to rapid growth in the sire of the nodule, or 
the pressure of tlic growth may collapse the vessels in the centre of the lesion 


Bokck (1899) 

Bo^x;^ (1905) 

Dakii-u and Rouss\ (1904) 
Darur (1910) 
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was found, howevei, that what we gamed m extent of the work was more than 
outweighed by the loss in intensity and while mere survey for the vibrio might be 
carried on by this arrangement, s])ecial study of the organism and its vectors was 
not possible So after working m these two areas from November 1925 to Ma} 
1926, we set uj) a laboratory at a place near Calcutta m June last and con- 
centrated our investigation on the villages of Thana Baruipur and its neighbour- 
hood m the distiict of 24-Parganas 

3 Methods — The first part of our work may be regarded as of a preliminary 
nature During this period, we had to test, adapt and work out methods, both for 
collection of miiterials from villages for examination and also for isolating the 
bacilli We began with fieccs tubes for bringing stools to our laboratories But 
the time taken, often over 12 hours, proved too much for the faeces to remain 
fresh, and, consequently, for the vibrio to survive m the collections For such 
cases of delaj in transport, Nicholls (1917) recommends calcium carbonate 
Panganibon and Shobl (1918) found the F^brio cholcicc surviving in sea water 
from 106 to 120 days They made further investigation on the preserving action of 
solution of sodium chloride and showed that m concentration of 0 5 to 5 per cent, 
the vibrios were preserved at least for 5 weeks, and that, even when these 
oiganisms were m dilution of 1 to 100 million parts of a loopful of emulsion in 
10 c c , they lived up to 6 weeks m 1 per cent solution of the salt After trying 
for some days the antacids, sodium carbonate and calcium carbonate, we have 
therefore used 1 per cent salt solution for the purpose Dr Tomb and Capt Maitra 
of the A^3iisol Mining Settlement also give this method of collection and convey- 
ance in their article in the Indian Medical Gaattc of February 1926 

For isolation we have been using the Dunham’s peptone salt water for enneh- 
ment followed by sowing in ordinary nutrient agar (pH 7 6) Opinions vary as 
to the optimum content of the salt in the peptone water for culturing the vibno, 
Sierakowski holds it to be 0 5 per cent, Beauvenes (1916) suggests 3 per cent as 
the strength which gives the thickest pellicle, while Kabelik and Freudmann (1923) 
find that the optimum salt concentration varies generally with the pH value of the 
culture medium, and that 3 per cent is more useful than 0 5 per cent But as the 
vibrio, though growing vigorously in the 3 per cent solution, ages quickly and 
shows involution forms and loss of motility at such concentrations we keep to 
0 5 per cent, the pH of the medium being 7 6 We find the nutrient agar with 
0 5 per cent of sodium taurocholate the best solid medium for isolation of the 
vibno , it grows m the medium rapidly and the colonies are too characteristic to 
be missed We do not see any necessity for using special selective media or 'tlie 
bile salt lactose agar of MacConkey We do not follow the usual process of 
inoculating the liquid culture into melted agar tubes at 40° C and then spreading 
the agar on Petri dishes to set (since the vibrio is too delicate for exposure to such 
a temperature) but use Petri dishes spread over with the agar and dried free of 
the water of condensation making repeated streaks with one and tlie saTne charge 
on the surface of the agar, thus getting colonics which are quite discrete 

4 Vtbrios VI human stools — (1) In Khulna and Mymensingh The result 
of our work of the first seven months, i e , from November 1925 to May 1926, was 
published as Research on Cholera m Rural Bengal, 1925-26, by the Public Health 
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showed him all the details of his methods of collection and isolation Our mode 
of transport of the stools was the same as his His process of isolation [by 
standing collecting tubes for some hours at room temperature, transferring 6 
loopfuls from the emulsion to 250 c c of 1 per cent salt solution m sterilised tank 
water in bowls, to which 1 c c of 1 per cent peptone water has been added and 
testing It daily till the vibrio is found and then inseminating it into ordinary 
peptone water for intensive growth] did not appeal to us, as it entailed so much 
loss of time without any decidedly commensurate advantage m our actual practice 
So we haVe kept on with our direct transference from, the emulsion of faeces in 
the salt solution of the collection tube to the Dunham peptone water as soon as the 
tube reaches our Laboratory Our results, too, though they appeared to us to be 
low, compared favourably with that obtained at the Mining Settlement, our 
figures for vibrio earners being 0 6 and 0 2 per cent of our two populations as 
against 0 1 per cent of that of the Mining Settlement (Tomb and Maitra, 1926) 
(2) In 24-Parganas On page 23 of my report on the work of 1925-26 
referred to dbove, I recorded my suspicion that our low result was due to the 
smallness of the quantity we took as sample and proposed mass cultivation, i e , 
making an emulsion of the whole stool, or, at any rate, of a large part of it In 
practice, carrying such a large quantity of the fasces of each person from the villages 
to the laboratory was found unworkable So we have to be content witli increasing 
the quantity examined to 4 of 5 grams collected in test tubes 6 ms XI m containing 
30 c c of 1 per cent salt solution The result has been satisfactory , the number 
of vibrio carriers found in the villages of Thana Baruipur and the neighbourhood 
from June to December 1926 was 231 out of 1,377 villagers examined, i e, 12 4 
per cent The endemicity of cholera in these areas according to the registered 
mortality from the disease compares with the percentages of the vibrio earners 
found, as follows — 


Area 

Mortality plr Mitte per annum | 
FROM cholera in THE i 

QUINQUENNIUM 1921-25 

% 

Percentage of 
vibrio earners 

f- 

Maximum 

Minimum 

Average 


Khulna ► ta 

14 

04 

09 

06 

Mymensingh 

07 

38 

1 17 

02 

24-Parganas 

08 

33 

17 

1Z4 


The figure for 24-Parganas is 20 7 times that of Khulna and 62 times that of 
Mymensingh obviously such a large excess of vibno carriers is only apparent, 
being due'to the improved method enabling us to find out the organisms in cases 
where we would be missing them by working with the smaller quantities we 
previously used 

5 Significance of the vibtm — (1) Agglutinating vibrio Our standard 
cholera anti-serum is the immune semm obtained by the Calcutta Medical College 
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It will therefore be seen that these angiomata consist of vessels in different 
degrees of potency, which gives rise to the difference in their colour, the different 
clinical types being due to the amount of the vascular area involved and to their 
anatomical situation These angiomata are reflections on the skin surface of 
some underlying inflammatory process m the body They are therefore quite 
distinct from the erythema induratum (Bazin} which is a tuberculide and the 
Spiegler-Fendt type Avhich is a leukaemia cutis 

Diagnosis — The diagnosis is easy provided that one is familiar with the look 
of these lesions, and the possibility that acquired angiomata arise as the result 
of some septic process in the body The commonest mistake is to di^nose the 
plaque type as leprosy, especially if the lesions are situated on the face and hands 
In Europeans, the lesions are of a very much darker colour than m leprosy, and 
in the centre there are often yellowish areas The mistake in diagnosis is readily 
corrected as soon as an attempt is made to cut the edge of the lesions to examine 
for leprosy bacillus, as the snip is very painful and bleeds profusely 

The rapidly growing fungating type of nodular sarcoids are sometimes 
mistaken for sarcomata owing to their rapid growth, but microscopical sections 
wtII show the structure to be like a nasal polypus with no evidence of any 
malignant change 

Prognosis — The prognosis is good, as many of these cases undergo spon- 
taneous cure The treatment by vaccines after finding the septic focus also 
appears to help in the cure When these cases are rebellious to treatment it 
generally means that the actual septic focus producing the lesions has not been 
found, and hence keeps up the disease 

Tieatmcnt — ^Viflien die lesions are small they are best treated by an applica- 
tion of CO 2 snow applied for about 10 seconds, which causes the rapid dis- 
appearance of the angioma In the diffuse type where the area is large, constric- 
tion of the vessels is first brought about by the use of evaporating lotions such 
as lotio calamine 

As regards the general treatment, the first thing to do is to find where the 
septic focus exists in the body Usually in those cases which involve the face 
and hands the focus is found in the mouth, either m the teeth, as peridontal 
abscess, or in the tonsils ■V\Tien the lesions are generalised such as the nodular 
form seen in epidemic dropsy, the focus is m the alimentary canal In the case 
of the large plaque-hke lesion on the thigh, the organisms were found in the 
urine If possible, the septic focus should be removed by the extraction of the 
teeth, or the removal of the tonsils The causative organism is isolated, a 
vaccine prepared and graduated doses given over a course of 6 to 8 injections 
So far all my cases have responded well to vaccine-therapy In the nodular type 
associated with epidemic dropsy when the gut returns to a normal condition the 
sarcoids usually disappear spontaneously within a few weeks time ’ 


Conclusions 

(1) Sarcoids are angiomatous growths, which are innocent in nature 

(2) Four types are described (t) the tache d6 Morgan m the oanillarv 
venous ^exus, (n) Boeck’s type which is nodular or diffuse in the subpapillary 

^ 7 
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It will be seen from the table below that m all these stools, from the villages as 
well as from the Calcutta hospital, no agglutinating vibrio was found till November ‘ 


Month 

Stools or ciiollra patients 

Agglutinat- 
ing vibrios 
found in 

Percentage 

j Villages 

Calcutta 

hospital 

Total 

' 

June 

12 

1 

12 



July 

7 


7 



August 


2S 

25 



September 1 


22 

22 



October 


4 

4 



November 

2 

21 

1 23 ^ 

8 1 

34 4 

December 

1 

37 

38 

13 

34 2 

Total 

22 

1 

1 

131 

21 



Absence of agglutinating vibrios m the choleraic stools of the quiescent penod 
was in consonance with the findings of other workers The low percentage in the 
stools of November and December was due to our missing the early stage of the 
disease when taking the samples The five instances in which the standard vibno 
was found in the stools of the contacts and the controls were also all of 
November and December, viz — 


- Class 

Month 

Number | 
examined 

1 

Agglutinat- 
ing vibrios 
found in | 

Percentage 

Persons with previous 

July-Oct 

92 

nil 


history of cholera 

Nov -Dec 

1 13. 

nil 


Contacts 

July-0 ct 

i 721 

i 

nil 



Nov -Dec 

, 137 

1 

2 

1 5 

Controls 

Sept -Oct 

i 107 

nil 

1 


Nov -Dec 

292 

1 

3 

10 


(2) Non-agglutinatmg vibrios — The remaining 226 vibrios did not react to 
the standard immune serum Morphologically, they were all uniflagellate and all 
had the characteristic appearances of the Vihi w cholera Eight of them inoculated 
into rabbits showed no specific agglutinogen But the mere fact of their not 
responding to the specific agglutinin or of their lack in specific agglutinogen cannot 
be regarded as excluding possible identity with the agglutinating standard vibno 
Pottevin has seen strains, agglutinating highly on isolation, frequently losing the 
power to do so, and non-agglutmating strains, on the other hand, taking on the 
power as suddenly, Minervm (1913) could select from agar plates, sown with the 
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Introduction — Though the Vibrio cholei*ce was discovered in 1883, our 
knowledge of its prevalence m communities (apart from patients and in direct 
connection with the disease) is still meagre Researches that have been carried 
out have for the most part been concerned with the nature of the organism, its 
virulence and pathogenicity However, as the result of this .work, and I should 
mention specially the researches of Col Grieg (1913, 1915), we now know that 
the vibno is not limited to patients and convalescents it is harboured by those who 
have had the disease not only recently but over twenty years ago, as well as by 
healthy persons living m contact with cholera cases We have also instances of 
healthy earners, i e , persons having no history of choleraic symptoms in themselves, 
spreading the disease, as in the outbreak in Oranie recorded by Sergent and 
Negre (1912) The key to the source of epidemics and, for the matter of that, 
our ability to control the disease ,with certainty lies in discovenng these healthy 
porters of infecbon This side of the problem has attracted attention of late in 
India, and Capt Maitra is now working on it in the industrial population of the 
Mining Settlements of Asansol Our own work applies to the village homes of 
the settled population of the province, to such villages as are not likely to have the 
endemic prevalence disturbed by convection of the disease from outside, as is the 
' case with all industrial localities 

2 Endemic areas under investigation —At the start we took up two areas 
in differeftt parts of the province, one in Central Bengal and the other in Northern 
Bengal Each of these areas, or circles consisted of a number of villages within 
a reasonable distance and easy of access from the head-quarters, where we opened 
a laboratory Our object in working simultaneously at two distant parts was to 
arnve at a fair idea of the distribution of the vibrio over the whole province It 
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December, which means 3 non-agglutmatmg vibrio carriers m every 8 persons 
and 1 such earner m every 4, respectively, during these epidemic months 

Distribution of these organisms in persons differently related to the disease is 
anomalous From June to August we examined stools of the patients, of persons 
with previous history of the disease, and of those who lived in the infected houses, 
It was from September that that we could examine also those who had no connection 
with the disease The following table shows prevalence of the non-agglutinating 
vibrios among the different classes of persons examined from September to 
December 


Class 

Numlicr examined 

Number found 
with non-applu- 
linating vibrios 

Percentage 

Patients 1 

87 

33 

37 9 

Persons with previous history 

SS 

10 

182 

Contacts 

359 

37 

100 

Controls 

399 

104 

261 


While the ratio of carriers decreased regularly from actual patients, through 
those'with a previous history of cholera, to the contacts, it rose very high in the 
controls, being more than one in every four such persons, a very unlikely state if 
these organisms were all transformed cholera vibnos Analysis of their prevalence 
in the persons with a previous histor}’- of cholera, shows that the time elapsing since 
the attack makes no difference in the ratio of carriers among these persons 


Year of attack 

Number examined 

1 

Number found 
with non-agglu- 
tinating vibnos 

1926 

! 

70 

10 

1925 

23 

3 

1924 

1 

. 

1923 

- 2 

1 

1922 

6 


1921 

2 

2 

Over 15 years 

2 



(n) The average case mortality in cholera in the villages is 50 per cent, the 
rate of mortality from the disease is about 2 per mille of the population per annum , 
the rate of attacks is, therefore, about 4 per mille We have seen above that the 
non-agglutinating vibrios were recovered from 37 5 per cent of healthy persons 
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Department, Bengal The find of vibrios in stools, excluding those of ten acute 
cases of which six returned agglutinating vibrios, was as follows — 




Number of persons in whose 



Number of 

1 STOOLS VIBRIOS WFrE FOUND 

Percentage of 


persons 




Circle 

1 whose stools 



m the total 


were 

Agglutinating 

Not agglutinating 

examined 


examined 

with standard 

with standard 




[ anti-serum 

anti-serum 

t 

i 

Khulna 

3,598 

3 

18 

06 

Mymensing'h 

2,176 

3 

! 

S 

02 

Totai. 

5 774 

1 

6 

23 

05 


Of the SIX vibrios agglutinating to the standard anti-serum, 3 were obtained 
from convalescents and 3 from persons who developed the disease 5 days after 
taking of the samples, tlie faeces from two of these latter were hard and from the 
third, soft, there was cholera at the time in both the two villages to which these 
persons belonged As to the nature of the noii-agglutinating vibrios, the following 
table showing their relative prevalence in persons having different relations to the 
disease will be interesting — 


r 

History 

Number-of 
persons 
whose 
stools were 
examined 

Number of persons in 
WHOSE stools vibrios 
WERE found 

Plucextage of vibrio 

CARRIERS TO TOTAI OF 

1 THE CLASS 

Agglu- 

tinating 

1 

' Non-agglu- 
tinating 

Agglu- 

tinating 

Non-agglu- 

tinating 

j 

Patients 

10 

6 

j ' 

60 


Convalescents 

17 

3 

1 

1 

17 7 


Persons with previous 



1 



history of cholera 

179 


2 1 


1 1 

Contacts 

1,335 


6 ! 


04 

Controls 

4,243 

3 

15 

0 07 

03 

Total 

5,784 

12 

23 

02 

04 


Even if all the non-agglutmating vibnos were true cholera vibrios the number 
of earners would have been only 0 6 per cent for the villages of Khulna and 
0 2 per cent for those of Mymensingh, whereas only a fraction of non-aggintmatmg 
^bnos could presumably be true cholera, le, variants of agglutinatog strains 
So we were afraid our findings were below the actual mark I tllerei ^001 
one of my assistants to the Asansol Laboratory and Capt Maitra very kiS 
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As the population of Thana Baruipur is 102,609, the chances, at the different 
earner rates from different numbers of persons examined would be as in the 
following table — 


1 

Number of 
persons 
examined 

ClIANCn P^R CtNT OF 


Carrier rate 
per cent 

earner | 

Hitting 

carrier 

Remark on number examined as 
regards inference 

04 

300 

30 

70 

Not sufficient 

04 

1,000 

2 

98 

Fair 

04 

2 000 

03 

99 7 

Sufficient 

1 

300 

5 

95 

Fair 

01 

1000 

40 

60 

Too small 

01 

2,000 

13 

87 

1 Fair 


Still as the true cholera vibrio is known in the laboratory to lose its reaction to 
the standard immune serum, the occurrence of the same phenomenon under natural 
condition is not an unlikely contingency Hence, we have taken 69 non-agglutin- 
a-ting strains including 21 from healthy persons and 19 from water for close study, 
our object being to find out means for detecting such among them as may be really 
transformed true cholera vibrio We have been studying them serologically witli 
a view to 1 educe them into classes 17 of the vibrios from cholera patients, 13 
from healthy persons and 5 from water have already fallen into 7 groups The 
sera of each of these groups act onlj^ on the members of the respective groups at 
high titres, but have no action either on the standard vibrio or on the members of 
other groups Only two strains were exceptions, they exhibited group agglutina- 
tion, agglutinating with sera of two different groups at a comparatively low titre 
of 1|3000 to 1 1 1000 In this respect, therefore, the seven groups behaved as so 
many distinct species m tlie same sense as the different members of dysentery 
typhoid, Gartner groups are so many distinct species The result of the serological 
investigation will be given in a subsequent paper Morphologically, as already 
mentioned, they are all motile, uniflagellate and of the characteristic shape Detail- 
ed study of their size and shape, as well as revision of our research on the power 
of both agglutinating and non-agglutinating vibrios for carbohydrate fermenta- 
tions, mdol formation, hremolysis, salt precipitation and change and longevity in 
water will be taken up after we have finished the serological work It is only after 
we have been able to reduce these numerous vibrios into their species by these 
means, that investigation for the altered pathogens will be possible 

Summary 

With a view to finding out the distribution of cholera carriers, we examined, 
from November 1926 to May 1927, simultaneously, stools of 3,598 persons in 
villages of Central Bengal and of 2,176 persons in those of North Bengal In spite 
of our improving the methods of collection and transport of the stools to the 
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primarily from Kasauli and since then prepared at the College and at our own 
laboratories by inummising rabbits with a vibrio reactipg at extreme titre to the 
standard anti-serum Such an agglutinable vibrio is pathogenic without question, 
as It also gives response to the sera of indubitable cholera patients Out of the 
1,377 persons of those villages examined from June to December, 6 showed this 
vibrio in their stools, the ratio being 0 4 per cent 

The prevalence of the agglutinating vibrios in persons according to their 
relation to the disease was as follows — 


! 

Class 

Total 

examined 

Number of per- 
sons showing 
agglutinating 
vibrios in their 
stool 

Percentage 

Patients 

22 

1 

4 S 

Persons with previous history of cholera 

105 

ml 


Contacts 

857 

2 

02 

Controls 

399 

1 

3 

07 

\ 

Totai, 

1,377 

6 

04 


The two contacts showing agglutinating vibrios had cholera in their houses 
at the time of collection of their stools, so they might, after all, be acute carriers 
under the same category as the actual patients, being probably cases of infection 
not developing into the disease But the earners among the controls, i e , persons 
who had no relation with the disease, were found at Kalyaiipur, a village which, 
though a scene of recurrent outbreaks of cholera, had no case of the disease at that 
time The details of the cases were as follows — 


Month 

Particui^ars or 

' carries 

Titre of 
agglutina- 

Remarks 



» 

Sex 

1 

Age 

tion 


November v. 

Female child ! 

7 years 

1 12000 

Examined up to 


Male 


112000 

the titre o f 


20 „ 

112000, pending 

December r.^ 

t 

Female child 

s „ 

112000 

finding of the 
limit at the final 

1 

1 


examination 


All these three cases were in different houses 

Swsonal vanation —The only case among the 22 patients m whom agglutinat- 
ing vibrios were found occurred in November Besides the stools of these cholera 
cases from the villages, we also examined those of 109 from a Calcutta hospital 
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pure agglutinating vibrio, colonies with all degrees of reaction down to its com- 
plete absence, Stamm (1914) by passages m water, each lasting as a rule through 
5 days, found that genuine strains agglutinating with 1 20000 specific serum failed 
to react later at 1 50 but produced on injection into rabbits anti-sem acting not 

only on itself but also on the original strain, Puntoni (1913), by growth in water, 
as well as in earth and water mixture, removed not only the response to the specific 
agglutinin on several occasions, but also the specific agglutinogen, the immune sera 
produced in animals by injecting these degenerates acting on themselves only and 
not on the unaltered strain Crendiropoulo, too, as the result of examination of 
faeces of 34,461 passengers from infected countries and of other persons, has been 
led to formulate his dictum (Defressin and Cazeneuve, 1914) that ‘ every earner 
of vibrios who comes from an infected or suspected country ought to be treated 
as a suspect irrespective of whether the vibrio isolated agglutinates with the specific 
serum or not and conversely every carrier of vibrios from an uncontammated 
locality must be looked upon as harmless likewise irrespective of whether the vibno 
isolated agglutinates or not ’ 

(fl) Are then all our 226 non-agglutinating vibrios from human stools altered 
standard Vibrio cholcrce^ Such would be the case according to Dr Tomb and 
Capt Maitra 

(i) Statistically, the data are too small for basing conclusions of any accuracy 
Still, in their prevalence, these vibrios display an apparent regular variation through 
the seasons, which is compared with the mortality from the disease in tlie table 
below 

Non-agglutinaiinq vibiios in stool \ of healthy persons, ic , persons with picvious 
history of cholcia, contact <; and control s 


Month 

Persons 

examined 

1 

Non -agglu- 
tinating 
vibrios 
found in 

1 

Percentage 

Number of 
deaths from 
cholera in 
Thana 
Batuipur 

Rainfall in 
inches 

June 

78 

3 

38 

7 

119 

July 

178 

10 

56 

3 

125 

August 

296 

17 

1 

58 

3 

12 7 

September 

3Sl 

17 

4S 

2 

99 

October 

20 

1 


1 

42 

November 

213 

80 

1 

375 

22 

07 

December 

219 

59 

269 

7 

02 


1,355 

186 

137 

45 



Keeping behveen 4 to 6 per cent during the quiescence of the disease the,, 
jumped up to 37 5 per cent m November, coming down only to 26 9 peT cU „ 


Results on Childrex 
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in November of the last year If these organisms could cause cholera, over a third 
of the population would have been carriers of the disease in that month 

(;//) Serologically, not only did these vilirios not react to the standard anti- 
serum, but the sera made by injection of eight of these strains into rabbits did not 
act on the standard vibrio A standard vibiio which has lost its specific agglu- 
tinogen may produce an anti-serum which, while acting on the degenerate vibrio, 
has no power on the ongin-’l strain , but such anti-sera arc always weak The 
anti-sera produced by the vibrios under discussion were all of high potency except- 
ing one, the titre limit of which, however, was still 1|4000 

(b) If these non-agglutinating vibrios are not altered cholera vibrios, yet they 
may contain among them some which are pathogenic 

(i) Para-cholera vibnos — Greig found a non-agglutmating vibrio which 
agglutinated with the serum of the host, i e , the cholera patient from whose stool 
It was recovered, the patient passing no typical Vibrio cholocc and his serum not 
acting on the latter vibrio We also have obtained a vibrio from a patient which, 
while not agglutinating with the standard immune serum, was positive with the 
serum of the patient, which again had no action on the standard vibrio We have 
reserved this vibrio for further study 

(ii) Altered cholera vibrio — Some of these vibrios may be the true Vibrio 
cholercE which have lost tlie capacity of agglutination with the standard serum 

It IS not the absence of agglutinating vibrios in our samples taken during the 
quiescent period that leads us to this suspicion The lack may be due simply to 
the pauaty of data We have already shown that among the 1,355 healthy persons 
examined from June to December, the number of those in whose stools we got the 
agglutinating vibrio was 5, i e , about 0 4 per cent In the month of December, 
too, the ratio of such persons was about 0 4 per cent, the agglutinating vibrio being 
found in the stool of only one out of the 219 healthy persons examined in this 
month As December is an epidermc month, the carrier rate, i e , the ratio of 
healthy persons harbouring the agglutinating vibno could not be more than 0 4 
per cent for the year , in all probability, it was less in the off season, i e , in the 
months m which the disease was not active ,We did not get any such carriers 
among the persons we examined from June to October But the number of stools 
examined in the different months varied from 178 to 357 being- even lower inz 
78 m June and only 20 m October ’ ’ 

Now p being the population 

n being the number of earners 
X being the number of persons examined 

p— n 

Chance of missing the carriers would be = 

P 

Cx 

p— n 

Chance of finding the carriers would be =: 1 

P 
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laboratory and of eniichment and isolation, wc found the agglutinating vibrio only 
(excluding ten patients) in 3 convalescents and 3 contacts, and in 23 moie we 
found non-agglutinating vibrios, the total for carriers of all vibrios being only 
0 5 per cent 

We later examined villages near Calcutta and increased the quantity of the 
stools taken for examination From June to December we examined stools of 
1,377 villagers Healthy persons from whom wc got the agglutinating vjbrios 
were t\vo contacts and thiee persons having no connection with the disease, the 
total rate being about 0 4 per cent The number of persons carrying non-agglu- 
tinating vibrios were 13 7 per cent 

What IS the significance of the these data^ If the agglutinating vibrios only 
were the cholera Aibrios, 0 4 per cent of the people being carriers of the disease 
would sufficiently explain its endemicity If so how is one to account for its 
absence in the stools during the off season 

Could it be due to the number of persons examined, about 200 a month, being 
too smalH — Not an unlikelv explanation 

Could it be that the true vibrio loses its agglutinability and hence is classed 
with the non-agglutinating Aubrios in these months Seasonal A'anation of the 
latter seems to lend colour to the view, but it is not supported by their relatn^e 
prcAalence m persons Avith different relations to the disease 

To elucidate the relation of the non-agglutinating vibrios to the tvpical Vibrio 
cholera, Ave have been studying 69 such strains including 19 from AA^ater The 
result of the investigation aviII appear m subsequent papers 

In concluding this preliminar}^ paper, I may mention that I a’m much indebted 
for the Avork carried out in the laboratory to skill, diligence and dcA'oted application 
of my assistants Dr S C Chatterjee, m n , and Dr S K Ghoshal, m b , d p it 
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Scheme of zvork — It was proposed to make one collecting trip during the 
three pre-winter months, and again another during the three winter months, and i 
programme was drawn up accordingly 

We visited one or more centres in a district and stayed in each for about a 
week and collected larvje and adults from jilaces m and around it Railway 
journeys were the means of transport on most days but the motor buses 
and taxis at some places were used Bvery morning the collector 
went to a different place His visits were arranged by reference to the 1 m 
= mile G I survey maps which show excellently such features as bliils He was 
advised to catch from different types of breeding places in each locality — but 
special observation was to be directed towards the “ dead or dying rivers,” ” running 
streams,” ” Bils,” “ large clear water tanks ” long railway cuttings, borrowpits for 
huts, etc 

We visited 25 districts out of the 27 in Bengal — the Chittagong hill-tracts 
and Rajshahi being the twm omitted, due to the close of the work in the 3rd week 
of February The following was our itinerary — 

During the pre-zmntcr months During the zomter months 

{August to November) {Dcccmbci to Fcbiuary) 


1 

24-Parganas 

17 

Mymensingh 

2 

Darjeeling 

IS 

Rangpur 

3 

Dmajpur 

19 

Jalpaiguri 

4 

Malda 

20 

Bogra 

5 

Murshidabad 

21 

Pabna 

6 

Nadia 


Jessore 

7 

Burdwan 


Nadia 

8 

Hooghly 


Hooghly 

9 

Birbhum 

22 

Howrah 

10 

Bankura 


Burdwan 

11 

Midnapore 


Birbhum 

12 

Jessore 


Murshidabad 

13 

Khulna 

23 

Faridpur 

14 

Barisal 

24 

Tippera 

15 

Chittagong 

25 

Noakhah 

16 

Dacca 


Dacca 


Adults caught in traps — We only used three “ Tea-Box ” traps at each place 
They were usually set up in bath-rooms, out-houses, godowns, kitchen, etc , near the 
Dak Bungalow m the town They, however, usually attracted more culicines than 
anophelines at all the places, and sometimes, nothing but a large number of culicines 
Of the ” dangerous ” species, we caught only A acomtus and A cuhcifacxes 

Some special points for notice — (1) We collected and registered about 
15,000 larvae, small and large, m the 6 months’ survey, but only about 9,000 
came up for examination, i e , about 40 per cent were lost This was probably 
due to the smaller falling prey to the larger, when they were unavoidably kept 
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A NOTE ON THE DEGENERATION OF VACCINE LYMPH ON 
PASSAGE THROUGH THE SAME VACCINIPER ♦ 

BY 

LrEuT -CoivONEL J CUNNINGHAM, b a , m d , i m s , 

Director, Pasteur Institute of India, Kasault 


[Received for publication, April 29, 1927 ] 


The observations recorded in the following note are of some interest to those 

who prepare vaccine lymph m this country 

Nejland’s method of using alternate vaccmifers, the rabbit, cow and buffalo, 
for the production and preservation of a potent lymph was introduced into the 
King Institute, Madras m 1921, and met with unqualified success The difficulty 
encountered m obtaining buffaloes, however, made a slight modification in the 
original process necessary, and the cow calf had to be used for the mass production 
of the lymph instead of the buffalo as originally used in Java ' 

One of the essentials of the process lies in the stnct alternation of the animals, 
the same vaccinifer never being used more than once in each cycle It was noticed 
in practice, however, that if subpassages were carried out continuously on calves, 
after having passed through the rabbit and buffalo, that the weight of pulp produced 
per calf in the 2nd and subsequent removes, was frequently greater than that 
obtained from the animals sown direct from the buffalo It thus appeared as if the 
virus required soioi’ acclimatization to the cow calf before exhibiting its optimum 
growth 

An increase of )neld is of econonuc importance if it can be shown that the 
potency of the lymph produced in this way does not suffer An investigation was, 
therefore, undertaken to determine tins point 

After the usual passage through the rabbit and buffalo, a number of different 
seeds were passed through six senes of calves in succession The removes were 
labelled from 1 to 6 The average amount of pulp produced, the vesiculation rate 
^ on calves and the vaccination rates on children were recorded and arranged 
according to the number of the passage The results are set forth m detail m 


♦This work ivas earned out at the King Institute, Madras, during the year 1923 

{ 373 ) 
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A chnstophcrsi typically lived in sluggish or fast-flowing streams with 
grassy edges, not higher up into the hills than about 1,000 feet, and it was never 
found in puddles It was possible that this species had a more powerful flight 
than A rosst, A metaholcs {maculatus) also bred in streams and in the swamps 
beside the streams such as nce-fields and small pools, this species also was not 
found m foul puddles, it bred at some distance from human habitations 
A fnhgmosiis was found breeding m the saiiie sort of places as A mgct ninth 
(and in the hills A hndcsayi bred m the same position as A metaboles) 

Stephens and Christophers (1902a) In a paper on classification of Indian 
Anophelmes, these authors specified the typical breeding places of the above- 
mentioned species, their classification holding also for those others which have 
been subsequently found to be prevalent m Bengal, as follows — ' Open-waier 
breeders,’ i e , those found m water with much aquatic vegetation, ponds, lakes, 
banks of rivers and swamps {A Inn bjiostris and A siiicnsis (ntgcrrmus)) the 
habits of both these species were very siimlar and they were very common in 
Bengal ‘ Stieam-br coders, ’ found m swiftly running ditches and nullahs 
(A culictf acres, A list out, A chrtstophcisi) (A ctthctfacies was found in irriga- 
tion ditches m Lahore and m the running water of nullahs near Nagpur It was 
the common stream mosquito in those places and the adults were found plentifully 
m the rayats’ houses) A christophersi was the common species m the Duars 
Pool-breedeis, (a) those selecting clean pools with green algje, espeaally small 
pools left m river-beds {A jainesn, A inaciilatus, A thcobaldi, A hndesayi) , 
A thcobaldt, the adults were stated to enter houses but were not common The 
larvse frequented especially sluggish streams with much growdh of alga A jamestt 
larvae were found m only one situation, a chain of small ,muddy puddles with 
water-tncklmg through them The adults were caught m adjoining habitations 
Pool-brcedc) s, (b) those selecting muddy-pools (A tosst, A inctaboles*) 
A metaboles was a rare mosquito m Bengal Both it and A rossi larvae were 
also found in pots and tins of water Of the above species, A ntgcrnmus and ' 
A barbirostns but rarely entered houses and A hndesayi had never been found 
to do so t 

fidigmosHS was found breeding m a weedy lake and the adults were in 
thousands m adjoining huts 

$ Christophers and Bentley (1909), apropos of malana m the Duars, pre- 
sumed that a condition which they called residual anophelism, was to be found 
there, a condition which implied the maintenance of adult anophelmes in some 
numbers long after their breeding places dried up More specially they drew 
attention to the mam anopheline breeding places of the tract, noting the great 
prevalence of hstont, maculatus, and lossi, and the presence of a few others 
cuhcifactes bemg rare 


* stephensi ? 

"fOne of us (C S) has several times lately caught it in houses at about 3,500 feet, and 
James and Liston also record it as caught in houses in the Himalayas 

$ The Dramage Committee report ( 1907) has been unobtainable, so cannot be reviewed. 
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The lymph * from 608 calves was used in the experiments Following the 
usual custom each cup of lymph was the product of at least 5 calves so that a 
lymph of average potency was always assured The details of the cups made 
from each seed were added together and the results pooled for each subpassage 
separately 

There is a defimte increase m yield in the 2nd, 4th and 6th removes over the 
average (23 3 grips ) and the 1st remove (23 1 grms ) The vesiculation tests, as 
a rule, produced continuous lines and, where discrete vesicles were obtained, the 
rates were above those necessary to produce a satisfactory result On duldren the 
case success rate was cent per cent until the 4th subpassage, after which it became 
irregular 

So far, then, there was no evidence of degeneration m the earlier removes at 
any rate 

The insertion success rate, however, showed a gradually increasing failure 
rate from the 1st to the 6th remove (0 41 per cent to 7 4 per cent) showing clearly 
that there was a definite and progressive, though slight, loss of potency With each 
subpassage 

It IS evident, therefore, that if a lymph of the highest potency is desired 
Nejlartd’s onginal process of strict alternation of vaccinifers must be adhered to, 
even although this procedure may mean a slight loss in the amount of lymph 
obtained per calf 

It is interesting to note also that these experiments show that weight of pulp 
by itself IS not always a reliable guide to the potency of a lymph but that it should 
always be controlled by other tests of which the insertion success rate on children 
is the most important 

I must acknowledge my indebtedness to Khan Sahib Mohamed Omar Sahib, 
the senior vaccine assistant of the ICing Institute, Gumdy, for undertaking the work 
of extracting the results from the Institute records and arranging them in the 
necessary form 


• For this test the lymph is dieted 1— SOO A rate of 1 vesicle per linear mch sotvn will 
as a rule give a success rate of 90 per cent a child ' " ’ 


REFERENCE 
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Strickland (1925) replying to his general thesis put in a plea that the problem 
should be studied entirely in tcrins of the mosquito 

Stewait, Sill, and Iyengar (1925) also in connection with the Meenglas 
experiment studied the prevalence and breeding places of the anophelines in that 
part of the Duars 

Covell (1927) summarised these and other records m his monograph on the 
geographical distribution of all the Indian species 

Strickland, Chowdhury and others in a repoi t on malaria in the Tea Gardens 
of the Duars (as yet unpublished) studied the same subject in great detail for the 
whole of that region, and recorded for the first time macuhpalpts and kocht 

It may also be mentioned here, -that it is understood that the Public Health 
Department of thp Province has in the past collected a large amount of informa- 
tion on this subject which has not yet been published 

With .regard to the anopliehne work previously done in Bengal, one may 
justly conclude that considering the great importance of malaria in the Province, 
and the great attention it has received from epidemiologists, it is remarkable how 
little has been done, since Stephens’ and Christophers’ time, excluding of course 
the Duars Perhaps the reason for this has been the tendency to follow Christo- 
phers’ and Bentley’s doctrines (1909) enunciated in their report on malaria in the 
Duars, which put a premium on the idea that it would be easier to deal with the 
human factor rathei than the anopliehne, in any campaign to deal with the trouble 
there And this idea has been strongly reinforced by Fry (1912) and by Bentley 
(1925) Indeed, Fry said ‘ all species of anophelines found in Bengal, breed in 
sittular situations and have similar habits ’ ‘ From the practical point of view it 
does not matter whether the myzomyias or fultginosus are the earners as they all 
breed m the same sort of places ’ ' All species known in Bengal breed alike in 

the innumerable bhils and water-holes ’ Bentley on the other hand advocated 
extensive irrigation schemes to neutralise the loss of the annual inundations in the 
malanous districts, i 

= Thc Mosquitocs of Bcngm, fouNn in our Survey 

The species recorded by previous observers have been indicated shortly above, 
and those found by ourselves are for all practical purposes the same as will be seen 
m the table below 

It may be mentioned here, however, that in addition to the species enumerated, 
we have lately obtained a specimen of A thcobaldi which bred out from a larva 
along with A rossi and Citlcx fatigans It was caught at Entally in Calcutta in a 
clean-water dram with grassy edges We have also had stepJicusi from the hills 
at 3,500 feet 

The species A javiest x mentioned below in our tables is being described in 
a publication by us as a new species A pseudojamesi and in view of the difficulty 
experienced by epidemiologists in the past in allocating the malana of the Frovince 
to any specific cause, this find may prove of great importance 

We have also taken A ludloxvn, which has been but rarely captured previously 
in Bengal, and A gtgas (var smdensis) which has never been, as yet taken in the 
area, the latter speamens sent to us by Dr Newman of Saidpur 
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We have to thank Lieut -Col Fry, c i E , i m s , Professor of Hygiene at this 
Institute, and Lieut -Col Stewart, i m s , Offg Director of Public Health, Bengal, 
for assistance in the light of their experience of the Province, in formulating an, 
enquiry, the result of which is here reported upon, for studying the anophelmes of 
Bengal, and we also wish to thank the Secretary and Members, the Scientific 
Advisory Board and the Indian Research Fund Association for placing a grant at 
our disposal to carry out the work 


Materiae and Methods 

The following notes have been compiled by the field staff — 

'' The Bengal Districts Malaria Survey, August 1926 to March 1927 
Staff for the field work — 

1 Chief Assistant-in-charge 

2 Field-collector 

3 Laboratory-assistant 

4 Mosquito-catcher, (assistant to field-collector) 

5 Peons 


Period of work~mh August 1926 to 19th February 1927 (= 6 months) 
The staff took holidays during the Pujahs and Xmas There was a poor collection 
dunng the -first fortnight, the traimng period 

( 377 ) 
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(2) The enormous increase m the Duars of the rosst-vagus group - 

(3) The relatively enormous numbers m the Province of A smcnsts, A bar- 
btrosf}ts and A fnhgmosus 

(4) The increase m the Province of A acomius to about the same rate as 
A fullest us decreases If one lumps these species together the net result is about 
the same m the Duals as for the rest of the Province We did not examine to any 
extent the Duais ‘ jampois ’ (or ricc-field irrigalmg-channels) during the rams, 
where it is possible that A acomius might have been found m numbers correspond- 

'ing to those in the Province 

(5) The approximately equal rate o( A cuhctfacics in the Duars and the 
Province 

(6) The almost complete lack of A stephcnii although it is a common Calcutta 
mosquito (but wells were not examined except m Knshnagar) 

(7) The considerable numbers of A pscudojamcsi in the Province 


Thc Rclativl Local Prlvalcncl oi tiil DifrLRLNT Species in Bengal 

The figures winch we obtained m our Su'r\ey arc submitted in the following 
tables (1) the total nuinbeis of larva; (Tables 1 to III), (2) tbe per cent of eacn 
species as larvae to the total larval catch (Table IV), (3) the total numbers ot 
adults (Table V ), but the last mentioned records are unfortunately too slight to be 
of much value 

We wish to draw attention to the Table IV species percentages for the three 
great adminisfiative duisions. North West and East Bengal Before doing so, 
however, we bear in mind that the North m physical characteristics is coloured by 
those of the Terai and the Duars, which implies that denudation of the land surface 
is the predominant factor in the local geography, wdiereas in Low'er (West and 
East) Bengal deposition of the delta overshadow's denudation of the land-surface 
As far as that part of thc North called the Duars and the rest of the Province was 
concerned, the re-sultant clTccl on anophelism was the subject of Stephens’ and 
Christophers’ (1902) important paper already referred to and of the analysis 
hereabove made by ourselves 

If now we combine the data for East and West Bengal given m the tables 
and compare them with those for North Bengal w'e get the following result — 
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together to make the number of the breeding-bottles within the limit of manage- 
ment on our frequent journeys 

(2) Some of the towns of Bengal (viz , Krishnagore, Dinajpur and Jessore), 
were said to be more malarious tlian the country- around, due perhaps to the 
fact of A stephensi breeding more readily in towns than in the country We 
caught A stcphcusi at Krishnagore town ’ 

Thij Object oe the Survey 

The scheme of work reported on here was designed to obtain an indication 
of a differential local prevalence of the anophelmes in Bengal which might account 
for the well-known local variations in malarial incidence in the Province, and ran 
on parallel lines to Stephens’ and Christophers’ work reported to the Royal Soaety 
(1902) on ‘Malaria Endemicity in its relation to species of Anophelmes’ At 
the same time, no attempt will now be made to correlate our findings with any 
malaria records, partly because since Stephens’ and Christophers’ time it has _ 
transpired that these are by no means so simple as their work led them to 
suppose 

As justification for this investigation the following commentary from 
the Lancet may be cited ‘ Extraordinary effects have followed intensive study 
of the conditions which favour the breeding of the particular anophehne species 
locally implicated It is becoming widely held elsewhere that identification of 
implicated species promises well for future preventive work No later work on 
these hnes than Fry’s is traceable in Bengal and it is difficult to believe that species 
with identical habits are implicated m the different conditions of West and East 
Bengal ’ 


Preioous Mosquito Records in Bengad 


In the course of the papers of the authors referred to beneath there have 
been notices of anophelmes in Bengal from one point of view or other These 
records will here be shortly recorded 

Stephens and Christophers (1902) noted the large numbers of anophelmes 
m Lower Bengal and their comparative scarcity in the Duars In Calcutta, 
A rossi was present m enormous numbers, in the plains generally A rosst 
A fnhgmosus, and A smensis sub sp nigcrrimns, while in the Duars, A metaboki 
(= muciiktus) and A christophcrsi were the predominant species In the Bengal 
hills (with which we have not here concerned ourselves), there were A rossi 
A Imdcsayi, and A metaholes 

They noted that A ntgernmus bred extensively over large areas of marsh 

land, but was rarely caught in the adult state in houses A fnhgmosus was more 
abundant in houses 


In another paper giving the distribution in more detail, the habits and 
breeding places were noticed A rosst was essentially a domestic and foveal 
species, A mgennnus on the other hand was found m sluggish streams river 

whdP^' ^ stagnant ditch bred A mge’inmm 

while shallow foul puddles alongside bred A losst, ^ ' 
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James and Liston (1911) m their Monograph noted as Bengal species — 


attkem (Duars) 

Imdesayi var inaculata [Kurseong] 
cnlictfactcs 
h.stom 


rossi 

ludlowu (Fraserganj and Sunderbans) 
willmon var maculosa [Kurseong] 
stepliensi (Calcutta) 


maculatus [Kurseong] (Duars) 
fnhginosus (plains) [Kurseong] 
jamast 


baf htrostns 
stncnsis 

elegans (Duars) 


Of the habits of the adults and larva of these species, they noted the 
following — 

‘ ciihcifacies is a markedly domestic species and apparently feeds almost 
entirely on human beings They are rather difficult to catch in houses, as they 
hide very successfully in the darker corners, their attitude wlien resting, being 

culex-hke ’ ^ 

listom, usually breeds in running streams and the adults are strong fliers ’ 
‘fultgmosus is also a strong flier, the larva being usually found in shady 
natural ponds or tanks, with grass and weed at the edges ’ 

* rosst breeds in ram-formed pools, and nce-fields usually not far from 
houses The larva have been found in water heavily contarmnated with sewage 
and the adults are essentially “ domestic ” ’ 

' stephenst a " domestic ” species, breeding not far from habitations, its larva 
being very catbohc in tbeir tastes, breeding in almost every sort of collection of 
water ’ 

' barbtrosti ts, the larva are usually found in shady pools with much vegeta- 
tion or in tanks, overgrown with weeds It is not a “ domestic ” species ’ 

‘ smensts, the larva are usually found in deep shady pools at some distance 
from houses ’ 

Fry (1912) , (1914) drew attention to the difficulty of finding larva or adults 
m the Terai In his reports there were many references to anophelines in their* 
" relation to the epidemiology of malana in Bengal, [but here' we ard not touching 
this side of the subject] Fry found mosquitoes scarce in September and plentiful 
m December He also drew attention to the umversal distribution of A fuhgi- 
nosiis, but all species ‘ breed in tbe same sort of places ’ and again ‘ all species in 
Bengal breed alike m the innumerable bhils and water-holes’ Drs Sen and 
Mitra’s report on some mosquito-surveys was included in Fry’s reports, also one 
of Dum Dum by Dr M C Ghosh 


Bentley and other officers of the Public Health Department (1918 et seq ) 
with regard to the antimalarial scheme of operations at Meenglas m the Duars, 
made many references to the prevalence of the species and their breeding places ' 
Bentley’s (1925) report ‘ Malaria and Irrigation in Bengal ’ was an attempt 
rather to prove that malaria m Bengal was due to the decaying state of the 
agnmltural industry, but in general he thought that this was associated with 
greater faahtiK for anophelme breeding because of the loss of the perennial 
inundations which are inhibitory to anophehsm 
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In our table below, we have analysed the differential anophehne fauna (larvae') 
vts-a-vts the Duars which has been the scene of so much work ^ 


AiiopJiclnie Lai-va 



Thi: Duars TtA Garden 
S uRVIt\ 
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Th^ Bcngai, Mosquito 
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14 

( 
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•• 

0 34 
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2 
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09 
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I 

04 
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3 

0 03 

stephenst 

0 

' 

2 

0 82 


This comparison behveen the Duars and the whole of the Presidency brines 
to light — 

(1) The great numbers in the Duars of A inacnlatu<;,\ A funcstu<:,f (hstom 
and mtmmus) and A macultpaJpts 


* The different seasons, however, of these two surveys should be noted 

tMust have included some macuhpalpts, the adults of which were quite common 

Xpseudojainest not included 
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Burdwan Diinston 
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Tabi^c V — (contd ) 

Bengal malaria mosquito survey Schedule of adult mosquitoes caught tn vanoti\ 

places 


Divisions 

1 

i fnhgvio 
^ sns 

vagus 

! 


cultci^ 

facies 

acorn 

tus 

Rajshahi 


2 

s' 

3 

8 



Presidency 

6 

13 

114 

13 

24 



Burdwan 

3 

8 

34 

7 

3 

3 

1 

Dacca 


i 






Chittagong 

2 

i 







11 * 

' 23 

153 

23 I 

35 

3 

i 

1 


=■249 

North Bengal 


2 

5 

1 

3 

8 



West „ 

9 

21 

148 

20 

27 

3 

1 

East ,i 

2 


1 

1 

1 

1 

! 



Bengal Presidency 

11 

23 

153 

23 

35 

3 

1 


Grand Totai, —^49 


We remark about the table on page 384 m the first place, that if we use the pre- 
valence of A maculatus as an index of ‘ high-land ’ conditions and A sinensis oi the 
converse, we see that the records for North Bengal are not so highly coloured by the 
Duars characteristics as we supposed would be the case That being so, we would 
not expect to find a great difference between Upper and Lower Bengal mosquitodom 
m general Actually, there is a remarkable correspondence between the figures we 
have obtained for A stnensis, A bai birostris, A fuhginostis and the rossi-vagus 
combination, all these species comprising about 94 per cent of the total 
catch The same correspondence also exists in respect to the rest of the commonly 
accepted malana-carners in North Bengal as compared with Lower Bengal This 
does not bear out the indication (although this was not too decided) given in the 
comparison between the Duars and the rest of the province, and may be due to the 
fact that those parts of North Bengal, other than the Duars, having an anophehne 
fauna very distinct from the Duars, give the nett result for the North * as stated 


- ■* There may be no significance in tlic slight rise in the A fuJiffviosus and vagus-rojst rate 
in the North, but we will analyse this matter further below 
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Chittagong Division 
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stagnant with weeds, anophehnes are usually found Khals are also seen with bare 
edges and full of muddy water , and no larvae are found m such Some khals are 
not permanent, and dry up in the cold weather 

Small streams — Generally full of clear slow moving water Larvae are mostly 
to be found in bays m such streams or at any point where the water has been 
dammed A few very small streams running fast and containing dear spnng- 
water were examined and yielded anophehnes 

Drains, kutcha and pucca — In pucca drains having a brick or concrete invert 
and containing running-water larvie are not found The inverts, however, tend iti 
course of time to become covered with earth, and if neglected, weeds commence to 
grow in them The drams then become favourable breeding places Kutcha drams 
with slow-moving or stagnant water, and grassy or weedy edges nearly always 
contain larvae 

Irrigation canals — Found generally by sides of paddy-fields, the water in these 
canals is usually stagnant and harbours anophehnes 

Dead ot dying rivcis — These are to be found all over Bengal, and m most of 
them larvae can be found Some of the rivers are quite healthy in parts, but other 
portions of the same river are stagnant and dead Rivers have been found to be 
quite covered with hyacinth at one point and quite free from any hyacinth at another 
point, a few miles distant There are rivers with stagnant water and hyacinth 
and weeds at the edges whilst the walei in the centre of the river is moving steadily 
Such rivers generally contain anophehnes Many nvers have been found witli a 
strong flow and with bare sandy edges These rarely reveal larvae 

Swamps — The deptli of water vanes, but anophehnes can almost always be 
found m pools here and tliere Conditions are favourable to the breeding of 
anophehnes, these swamps being almost always full of clean ivater, grass and 
weeds 

Bhtls — These vary considerably m size, also in appearance, many dry up 
rapidly, particularly if small in size, and most have some growth in the ivater 
whether at the sides only or over the entire surface In some bhils, tlie growth is 
so dense and so high, that the water is not visible except at close quarters 
Anophehnes and culicines are almost always found in bhils 

Ponds-— -Temporary and permanent, the former drying uj) during the cold 
weather Generally found near villages and used by the people in much the same 
way as tanks The ponds usually have bare edges with clear or muddy water, and 
are not often covered with weeds Larva are not usually found in them 

Poo/s— Mostly ram-water and temporary, found in almost any place where 
there is a depression in which water can collect There pools are often full of 
grass, and contain anophehnes 

Pools, tn nver beds — Found on char land and varying in shape and size 
Water is clear, edges sandy, anophehnes are often found in great numbers, 
although there may be no growth in the water and the edges are bare On char 
land water which collects round the pillars of bridges almost always contains 
anophelines Very small pools about a foot in diameter only, would be found to 
be full of larvae whilst much larger pools situated close to these contained no larvae 
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Percentage of Larvae caught 
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Tabi^b V. 


Bengal malaria mosquito suivey Schedule of adult mosquitoes caught in various 

places 
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On the other hand, the reason may be simply due to the collected data being in- 
sufficient Tlie matter needs further enquiry 

If now we compare the East and West Bengal record in the tables we see 
an increase more or less marked of A smcusis and A bafbtTostris in the East, 
while A fuhgwosus and rosst-vagus are more markedly increased in the West 
Of the two latter species, A rossi was distinctly rare m East Bengal 

Coming now to the rarer species, we obtained a very much larger number of 
A a^omtus in East Bengal than in West, a fact quite m keeping with the ‘ moribund ’ 
state of the waterways in the West as compared to the East, but to counter-balance 
tins A ciihcifocies was found in very much larger numbers on the West than on 
the East * Our new species A pscudojamest was apparently equally prevalent m 
the two regions 


The AnophEwne Breeding Places in Bengal 

In order to do full justice to the observations made in our survey, we would 
have to analyse the physical conditions of each region, and we wished to do this in 
terms of the development of tlie delta and all that it implies and not in those of loose 
and popular phraseology The former procedure would, however, have involved 
a much more prolonged study than we have had time to give to it, it being an 
extraordmanly complicated matter, of which only the fringe is touched by 
Medlicott in the paper of which an extract is appended (page 422) That being so, 
we are dnven to submit our detailed findings in those very terms which really mean 
next to nothing, but as far as possible, we define them as follows — 

Some Deeinipions f 

Tanks — From enquiries made, the average age of tanks is between 15 and 
20 years, but this cannot be taken as being altogether reliable They may be 
roughly divided into two classes, tliose containing hyacmth and water-weeds, and 
those which contain no growth of any kind Experience has shown that tanks 
quite choked with hyaanth do not readily yield larvae Also larvae are not usuadly 
found m tanks which have bare edges, and no growth in the water In some places 
tanks were found to be full of foul water, giving off an offensive smell, and full 
of weeds and hyacmth, culicines were found in such tanks but no anopheles 
Tanks containing clear or slightly muddy water, grassy or weedy edges, and with 
weeds, shme and some hyacinth at the sides, will almost invariably contain anophe- 
lines Some tanks by the side of rivers are flooded out when tlie river rises, whilst 
the water m other tanks, rises only during the rams, and the tanks are never 
cleared out 

Khals — ^Artificial or otherwise, found m most cases to be full of clear stagnant 
water The artificial khals are made for various purposes such as draimng-water 
from bhils or are natural channels connecting two rivers Where the water is 


If these two species are the main ones concerned m Lower Bengal malaria then it is 
interesting to remember the comparative malarial incidence in the two parts ' 
t These notes are compiled by the field staff 
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Difc/jw— With clear or muddy-water, uitimng or stagnant, with grassy or 
bare edges Generally by the side of road^ Those containing clean stagnant or 
slow moving water with grassy edges, gcucr.vUy yielded auo\)hchncs 

Simll bot rozvpits —Thftsc arc to be found everywhere by the side of railway- 
lines, roads, and inside villages In each c.ise, earth is taken out to build up the 
embankment or road, or to build houses, the pits made later filling up with rain- 
water These borrowpits vary m si/e some being anything up to about ten feet 
square, and others no more than a foot square In some districts, the water in 
these pits was quite muddy, and none produced larvae when examined Water in 
these borrorvpits is generally clean, and larv.c can almost always be found m them 
if the edges are grassy or weedy In many areas the borrowpits had bare edges 
and no weeds m the water Larva; were not generally found in such pits 

Long cuttings — Almost always found by the side of railway lines, and some- 
times anything up to fifty or more feet in length These cuttings arc nearly always 
quite full of weeds, and water hyacinth, and usually contain anuphclincs Cuttmg^ 
full of muddy water and bare edges, rarely contain lan'je 

Paddy-fields — Generally contain water, though not to any depth Larvae arc 
usually found, but there does not appear to be any special condition required, 
provided the water is clean The lan'ae are usually to be found round about the 
nee plants and not always at the edges of the field Slime is sometimes found in 
the water and lan^ae are more readily obtained if such is the case 

Juie fields — The same remarks apply here more or less Later m the season 
jute is put into pools of water to steep Only culicme larva; were found in such 
pools 

Tree —Generally bamboo — ^these fill up with ram-water and yielded only 
culicmes 

The different breeding places of each species according to the above descnii- 
tions are shown m the Tables VI to XVI and alternately, the various species 
found m eacli important type of breeding place is given in Tables XVII to 


The relatively large numbers of A acomtu<; found in dead or dyine- rivers 
whilst m bhils, their physiographical end-product, there were relatively^few, is 
interesting In tanks free of water-hyacinth, there were about 0 3 per cent and 
m tanks with water-hyaemth about 10 per cent of this speaes 
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Tabi,e XVII 
DYING RIVERS 
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Ail Aiwphelwr Swvey of the Bengal Di^itiict^ 


BeNTtiiY and others (1918) 
(1925) 

CovEEE (1927) 

Fry (1912) 

Fry (1914a) 

James and Liston (1911) 

Stephens and Christophers 

Stephens and CHRfSTopnrRs 
Stenvart and Proctor (1907) 

Stewart, Sur and I\engar 
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BORROWPtTS, SMALL 
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The fixed valleys of the great rivers are of very variable width, generally bounded 
by steep high banks , tliey are called Khadar, the adjoining high land being known 
as Bhangar The deep, low-water, channel of the river osallates within the Khadar, 
or river-pIain, the whole of this being liable to inundation from the floods, and to 
constant erosion and re-formation by the action of the current Khadar-mati is 
very nearly the native equivalent for “ alluvial land ” But though there is always 
a large total area of true alluvial land in the Khadars of the great rivers, it is 
possible that, on the whole, these Khadars are undergoing denudation, that the 
river-bed is deeping, and that the new alluvial land formed by its changes of position 
may be progressive!}’’ lower than the older patches removed by tlie same process 
It has not yet been defined how much, or if any portion, of the eastern distncts 
come within the sub-deltaic conditions that prevail in the Tower Provinces, where 
the nver-actioii is broadly formative The whole of the province of Oudh would 
come under one or other of these descriptive terms — Bhangar or Khadar land 

Whether the great rivers are raising or lowering their Khadars The question 
whether the great rivers have at present a tendency to deepen or to raise their chan- 
nels IS one of much importance in relation to engineering works, and of great 
interest to the geologist Within deltaic regions, where the nvers are essentially 
formative, the process is sufficiently understood, the bed and banks of the main 
channel are raised, till the contract of level determines a gradual set of the water to 
lower ground, through some minor distributary , the new channel is at first scoured 
out to the capacity of the main channel, when the raising action recommences 
Within the narrow river-plam of the Khadar, there might be no general feature to 
betray which process is in force The river would oscillate pretty much alike in 
either case, remo-ving and replacing the patches of allunal land Still it seems 
likely that careful enquiry among the natives cultivating the Kliadars would eliat 
some grounds for judgment, as, if any very old patches of alluvium were no longer 
inundated by the highest flood, one might infer that the nv'^er had lowered its 
channel The a prion conditions may be stated briefly thus whether a river is 
cutbng or depositing, depends of course, upon its velocity and upon the charge ot 
solid matter, wholly or partially suspended m it As regards the first condition, 
it can be broadly stated that the slope (and hence the velocity) within the Khadars, 
IS everywhere much above that at which silt-carrying rivers become on a large scale 
depositing rivers, at Kanhpur the fall is nineteen inches per mile, at Allahabad 
thirteen, while m the sub-deltaic legion at Patna and Rajmalial it is only six inches, 
and in the Delta proper it lowers to three inches It is moreover certain that for 
eight or nine months of the year, the great rivers rush from their gorges in the 
mountains as torrents of clear water, or only, in the hot months, discoloured by 
fine glacial mud , immediately upon entering the Khadar, however, the water 
becomes more or less charged with silt and continues so throughout its course For 
these months then the nver must be denuding its channel Dunnjg the flood season, 
on the contrary, the water issuing from the mountains is highly cliarged with 
detritus , which is, to some extent at least, gradually deposited as the slope of the 
channel becomes lov'cred in the Khadar It would be difficult to conjecture to vvhat 
distances within the plains coarse shingle and gravel might be rolled along by the 
bcpur of the current in extreme floods during successive seasons, Targe stones not 
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An Anopheline Sn^vey of the Bengal Distncts 


The plienomena under notice have been only incidentally examined, so that the 
sketch here given is very incomplete and open to correction 

Age of the Bhangai land — It having been shown that the great mass of the 
plams-deposits belongs to a bygone period of formation, it develops upon the 
geologist to ascertain the age and nature of the process Very little progress has 
as yet been made to that end , the systematic study of the question not having been 
taken up Some have maintained that the deposits are marine or estuarine , others, 
as seems most likely, that they are, at least to any observed depth, purely fluviatile, 
by a process like what is now going on in the Bengal Provinces No trace of 
marine organisms has been found in them But some bones of terrestrial mammalia 
were got in a hard bed of calcareous gravel m the bed of the Jamna near Etawa, 
and which seem to belong to species or varieties now extinct , so that those deposits 
will pfobably take rank among the later Tertiaries From observations made in 
sinking wells along the line of railway, one of the engineers has stated the general 
section of the Ganges-Jamna Doab south of Aligarh to be — loam 35 feet, blue silt 
30 feet, strong clay 20 feet, resting on a water-bed of reddish sand, from which the 
water rises some 30 feet The bed of clay slopes from north to south at about 
two feet in the mile, the surface sloping about eighteen inches m the mile The 
water obtained from the blue silt is always more or less saline The only deep 
section pf the plams-deposits is fiom the boring for an artesian well at Ambala 
This position, a little to the west of the Ganges-Indus water-shed, is on the zone of 
recent deposits , the river channels are all superficial, and become lost m the desert 
country to the south There is nothing in tlie section of the boring to mark a 
change from these surface deposits to others of an older penod None could, 
indeed, have been expected, as it is only on an extended honzontal section that 
a plain of denudation, such as that of the present Ganges-Jamna Doab, could be 
detected between any older lieds and perfectly similar material recently overlaid upon 
them There is moreover no presumption that any such break exists m the plams- 
deposits west of the mam water-shed, or at least at that water-shed A single 
boring, too, can tell little or nothing of the arrangement of the strata The depth 
reached was 455 feet, or 450 feet above the sea-level Frequent alterations of day 
and sand were passed through At 286 to 296 and 400 feet to 417 feet coarse 
gravel and large stones were found , strong beds of clay occurring again beneath ’ 
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428 Obset vations on Ti opical Cii rhosis of the Liver. 

Tlie least resistant group either does not exist at all or is hsemolysed at 
once This observer is of opinion that the spleen filters off from the general 
circulcition, the less resistant cells and that the increased fragility is not due 
to the sojourn of the cells in that organ That the blood detained in the 
spleen may undergo other changes is indicated by the observations of Cruick- 
sliank (1926) tliat blood from the sjdenic pulp is more concentrated in hemo- 
globin than the blood of the body, and by those of Brann and Bischoff (1926) 
that splenectom}’- increases the resistance of hccmoglobin to destruction by 
NaOH The influence of the spleen on the red blood corpuscles is admirably 
discussed by Krumbhaar (1926) m his review of the functions of that 
organ 

The observations upon which this paper is founded were made in the 
Mayo Hospital, Lahore, on a scries of cases some of whom showed 
;nlargement of the spleen and liver or enlargement of the spleen only, while 
others had cirrhotic livers with or without splenomegaly One group 
gradually merged into the other so that it is probable that both conditions 
resulted from different degrees of the same pathological piocess All the 
patients had a history of chronic malaria with irregular bouts of fever, 
and coming from the Punjab were presumably infected from childhood The 
non-cirrhotic cases were all more or less anaemic, the anaemia being of a 
secondary type with leucopoenia, and showed evidence of increased blood 
destruction by the presence of urobilinuria and hyperbilirubmaemia Many 
of those admitted during the fever season (October and November) suffered 
from irregular pyrexia in hospital, but no malarial parasites were found in 
the peripheral blood None were jaundiced and none had haemorrhages 
Schistosomiasis, tlie supposed cause of Egyptian splenomegaly (Manson- 
Bahr, 1925), was not present as this infection does not exist m the Punjab 
Toxic jaundice of the type seen in malana subjects m bad ‘ fever ' seasons, 
as descnbed m a previous communication (Hughes, 1926), attacks tliese 
patients, but whether this jaundice is the result of a superadded disease or 
IS due to an exacerbation of the chronic condition is not known 

The degree of portal obstruction, as indicated by ascites and the develop- 
ment of the collateral venous circulation, varied in the cirrhotic group In 
some, (the worst), cases, the obstruction seemed to be almost complete, while 
in others tliere was only a slow accumulation of fluid m the abdomen with 
little enlargement of the collateral channels In cases of the latter type, 
however, which could be observed for any length of time, a gradual increase 
of the cirrhosis was seen Patients without ascites sought admission to 
hospital either on account of fever or because of the mechanical inconvenience 
caused by an enlarged spleen Individuals of the class to which these patients 
belonged do not, as a rule, come into hospital unless they are seriously ill or 
realise that their complaints cannot be benefited by the indigenous methods 
of treatment to which they resort, so that a large proportion never come 
under observation until cirrhosis is definitely developed For this reason, 
early and transition cases are comparatively rarely seen in the wards Cir- 
rhotic cases run a progressively downward course and die hi a few months, 



APPENDIX 

Speaking of the Gangetic plains in the North-West Provinces. Medlicott 

^^^^‘*The geology of the North-West Prornnces is conveniently separable into 
three divisions, corresponding to three district geographical regions Twenty^hree 
of the thirty-five revenue districts are entirely on the Gangetic plains Thre 
districts on the North, Dehra Dun, Garhwal, and Kumaon belong altogether to the 
Himalayan region Out of nine districts on the south, seven are in very large 
proportion covered by the plains-deposits , three only being in whole or in great 
part within the rock-area o-f the Peninsula of Hindustan It is at once apparent 
that these geographical divisions are also stnctly geological, and it may be here 
stated that no identification has as yet been made out between the rocks within 
these provinces on the north and on the south of the plains The formations of 
these several regions may be noticed in the following order — 


I The Plains 


Terms applicable to these deposits— The middle region naturally claims first 
attention It is often spoken of as “ the alluvial plains of the Ganges,” or by such- 
like expressions In a general sense, these terms are admissible , there is no doubt 
that the matenals forming the plains were contnbuted by the Ganges and by its 
tributaries But in this range of meaning, the Sivahk-dfeposits might claim to be 
included for it has been shown that their matenals, too, were conveyed through the 
existing Himalayan drainage system On the other hand, by confirming the word 
” alluvium ” to its strict geological meaning— -to ground subject to flooding from 
the very channels that now exist — ^the alluvial ground Of the North-West Provinces 
becomes comparatively small It is necessary to specify still further to bnng out 
the distinction to be made in the area under notice , the word “ alluvium ” is scarcely 
understood unless as applied to fine-deposits from tranquil inundation, and it 
applies to such indiscnminately , whereas from the proper geological point of view, 
the distinction to be indicated is what ground is undergoing increase from whatever 
form of deposition, and, on what ground abrasion (denudation) is in permanent 
action, or, in other words, where river action is formative and where it is 
destructive 


Bhangm and Khandar lands— A large proportion of the plains area in these 
prownces is permanently undergoing denudation The mam rivers run throudi 
It m confined and fixed valleys, the flood-level of the waters being well below the 
general level of the countrj^ Several considerable streams, as the Hindan. take 
eir rise within this area and though subject to local overflow, with deposition of, 
alluvium, they must, on the whole, carry away annually a large quantity of earth 
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being found in the bed of the river in the dry season may not be a safe indication of 
the case, as it is conceivable that they should always be buned under lighter 
deposits as the flood subsided ^^fllether or not the rivers are able, even with the 
assistance of the clear water for eight months of the year, to carry out of the 
Khadar all that they carry into it in the flood season, cannot be determined without 
careful observation , but from all the considerations mentioned, it would seem likely 
that throughout the greater part of the Khadar, the balance is in favour of erosion 
Any tendency of the gorges ought to be discoverable from the effect on the canal- 
heads at Hardwar and Fyzabad Continued observations on the silt in the water, 
uniformly conducted at distant places, as at Fatehgarh, Kanhpur, and Allahabad, 
might indicate whether erosion or deposition is taking place within the Khadar 
region But the most satisfactory test would be, continued registration of the rise 
and fall of the water on permanently fixed gauges, to be checked by an annual exact 
measurement of the low-water river-section at each gauge 

Bhabar and Terai land — Independently of such tracts on the eastern borders 
of the province as come within the sub-deltaic region of the great nvers, there is 
a considerable stretch of country where the drainage is formative The minor 
streams from the outer skirts of the mountains do not run on into the plains in 
deep channels cut through deposits of earlier times , they flow, at least for many 
miles 111 broad shallow and ever-shifting beds formed of materials brought down 
by themselves The load of shingle, gravel, sand and earth washed into these 
torrents by the heavy rainfall from the precipitious slopes of the Sivalik hills, 
formed of soft conglomerates, sandstones and clays, is far more than the current 
can carry into the mam rivers It is possible too, as has just been discussed, that 
something of the same kind takes place in the upper reaches of these rivers them- 
selves There is thus, along the northern margin of the plains, a broad belt of 
ground, the formation of which is strictly “ recent ” The portion of it next the 
hills having a steeper slope than the rest, is chiefly composed of shingle and gravel 
with a filling in of sand and earth This is the forest-bearing zone known as the 
Bhabar Except in the rainy season, it is devoid of water , streams of considerable 
volume soon sinking into the porous ground to reappear (at least m part) along 
the lower fringe of the coarse deposits This second zone, though having, on the 
whole, a considerable slope, greater. than the general slope of the plains, is thus 
made watery and swampy , it is well known as the Terai West of the Ganges thia 
formative process is specially active owing to the greater development here of the 
soft Upper Sivahk rocks, which are the most abundant source of detritus Some 


years ago, excavations m connection with the Eastern Jamna Canal, brought to 
light the rums of an ancient town The Terai in the Jamna-Ganges Doab is 
scarcely a noticeable feature, owing probably to the good natural drainage the 
watershed being here 400 feet above the Ganges at Hardwar Eastwards from 
the Ganges, the Terai becomes inore and more distinct In the same direction, 
remnants of an ancient Bhabar deposit become frequent and of increasing elevation 
till in the far east at the base of the Sikkim-Himalaya, they stand at 1 000 feet 
over the actoal torrents To the south of the plams, sonte analogous cases of recent 
depostts utay be ound but they a, e altogether ,ns,gn.ficaut , the larger nvers there 
also mnrang m channels which they do not overflow to any extent 
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however, such as appears m Orahovat’s curves In other words, the distinc- 
tion between average grown and new cells is not evident In Figure IV are 
four curves indicating increased fragility of the erythrocytes, two from 
patients with splenomegaly but without cirrhosis, and two from cirrhotic 
cases Increased resistance to saline haemolysis in cases from both groups 
IS illustrated in Figure III and Figure 11 respectively It is to be noted that 
on the whole, low red cell counts are associated with increased corpuscular 
fragility, while in some patients with increased resistance, the red blood count 
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IS above normal {vide appendix) Individuals with increase of corpuscular 
st abilit y had, as a rule, suffered longest from the disease, and a marked in- 
crease of resistance with cirrhosis was found only in severe cases Patient 
No 1, 'Table II, died a few days after the observation recorded was made 
An increase of resistance with the progress of the disease is seen in patient 
No 13, Table II, and to a less marked degree in patients Nos 10 and 11, 
Table II In some cases normal or nearly normal curves were obtained This 
may be due to the time of blood examination having coincided with the 
period of transition from increased fragility to increased resistance The 
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Cdinicai, and experimental data furnish evidence of the influence of the spleen 
and liver on the fragility of the red blood cells in hypotonic saline solution In 
acholunc jaundice the corpuscles are always pathologically fragile, and this 
fragility has been found to disappear, in part at least, after splenectomy In 
obstructive jaundice and in splemc anaemia (Banti’s disease) there is an in- 
creased resistance to saline haemolysis (Beaumont and Dodds, 1926), and a 
similar condition results from removal of the spleen in normal animals 
(Krumbhaar and Muller, 1923) Orahovats (1926) has plotted the fragility 
curves of the red blood cells from the general circulation and from the spleen 
pulp of normal cats, and has found that the latter are less resistant to hypo- 
tome salt solution than the former Further, the curve of the spleen blood 
differs in shape from that of blood from the general circulation Orahovats 
confirming Brinkman (1921-1922) has demonstrated that in the circulating 
blood there are three distinct groups of cells with different resistances to 
hypotonic saline solution The first and most resistant group forms about 
10 per cent of all cells, the group with a middle resistance 80 per cent and 
the third group with very little resistance 10 per cent Brinkman considers 
the first group to consist of young cells, the third of old, and the middle group 
of average grown cells In blood from the splenic pulp Orahovats has found 
that the second and third groups could not be distinguished from each other 

( 427 ) 
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‘ splenomegalic cirrhosis with icterus’ the histological picture of Banti’s 
disease was found only twice, viz , in two persons who had hved m malarious 
countries A feature of tlie histological changes descnbed is the prolifera- 
tion of the mesenchymal elements of the spleen and liver belonging to the 
reticulo-endothelial system This system is representing m the spleen by the 
reticulum cells of the pulp, the endothelial cells of the sinuses and the spleno- 
cytes (Aschoff, 1924) It is well known that the cells of this system take up 
from the circulation particulate matter, such as India ink or carmine, and 
foreign colloids, such as colloidal silica, and that repeated injections of such 
substances causes them to enlarge and proliferate (Gye and Purdy, 1922, 
1924) McNee (1913) showed that this phenomenon was also brought about 
by destruction of red blood corpuscles Here the cause is the elaboration of 
an excessive amount of bilirubin from the liberated haemoglobin, the pre- 
paration of bile pigment being a normal function of these cells While the 
reticulo-endothelial proliferation seen in the sections is probably connected 
with blood destruction in the early stages, it cannot be definitely said whether 
this proliferation is entirely caused by increased breakdown of the red blood 
corpuscles or whether it is the result of some other stimulus That the 
changes in corpuscular fragility are at all events related to the spleen, and 
most probably to the reticulo-endothelial system as a whole, is suggested 
b}-- the effects of splenectomy in haemolytic jaundice and in normal animals 

In the absence of more detailed histones and observations during the 
progress of the disease, and of more post-mortem examinations, it is not 
possible to assess the exact role played by malaria in this condition Al- 
though no parasites were seen in the sections or in the blood of any of the 
patients, one cannot conclude that malaria was absent in all cases In chronic 
sub-tertian infections the parasites live m the internal organs, and, as Manson- 
Bahr (1920) has pointed out, it may be very difficult to demonstrate them 
in these cases It is noteworthy that all the patients examined came from 
the lower rural classes amongst whom the treatment of malaria would be 
defective, partly, at all events, because of the indifference with which an 
ordinary attack of fever is regarded by these people It is possible that the 
hypertrophy and multiplication of the reticulo-endothelial cells is, to some 
extent, an expression of immunity to repeated malarial infections There is 
much evidence, quoted by Sacks (1926) in his comprehensive revi^v, to 
show that these cells play an important part in general and local immunity 
processes Splenectomy in mice, combined with injections of colloidal iron 
oxide to block the remainder of the reticulo-endothelial system, abolishes the 
power to produce hsemolysms (Bieling and Isaac, 1922) Blocking the reticulo- 
endothelial cells diminishes the response of tuberculous animals to tuber- 
culin (Mmami, 1925), and a combination of splenectomy with injections of 
sugar of iron and trypan blue causes suppression of tuberculin hypersensitive- 
ness (Freund, 1926) Rats immunised against streptococcus vaccine lose the 
power to store vital dyes (Paschkis, 1924) and rabbits immunised against 
pneumococci behave like non-immune animals after injection with India ink 
(Singer and Adler, 1924) Injection of manganese chloride, a substance 
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Observations on Tropical Cirrhosis of the Liver. 

When cirrhosis of the liver is established the outlook for these patients 
IS hopeless Symptoms are relieved by tapping the distended abdomen and 
by other measures, but death ensues m a few months from mtercurrent 
infection, progressive weakness or hepatic insuffiaency In the earlier 
stages, especially when pyrexia is present, some cases are benefited by anti- 
malarial treatment X-Rays have been found to cause reduction in the size 
of the spleen but not to produce any permanent improvement In view of 
the good effects of splenectomy in certain cases of acholuric jaundice and 
thrombocytopsenic purpura and in Banti’s disease, the advisability of remov- 
ing the spleen in the pre-cirrhotic stage should be considered The result 
would depend on tlie degree to which the liver is already affected When malarial 
infection is present this should of course be vigorously treated 

s 

Conclusion 

1 A condition beginning with splenomegaly and leading to enlargement 
and eventually cirrhosis of the liver is described as occurring in persons 
subject to repeated malarial infections 

2 In this early stage of the condition there is generally increased fragility of 
the red blood cells in hypotonic saline solutions 

3 In advanced cases this fragility disappears and there may be in- 
creased corpuscular resistance 

4 The relation, of the condition to malaria is discussed 

Our tlianks are due to Major V Mirajkar, Frcs, ims. Professor of 
Physiology, King Edward Medical College, Lahore, for permission to work 
in the Physiological Laboratories, and to Drs Mohammad Yusaf and Fakharud 
Dm for assistance during the investigation 
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but owing to tlie fact that these patients seldom die in hospital no post-mortem 
examinations were obtained During the observations one case did die in hospital 
from hepatic insuffiaency with restlessness, dehnum, convulsions and coma, but 
an autopsy was not permitted Sections of spleen and liver from similar cases 
were, however, obtained through the courtesy of Lieut-Col H M Mackenzie, 
IMS, Professor of Patliology, King Edward Medical College The sections 
were from patients showing the clinical picture of hepatic cirrhosis with splenome- 
galy, asates, etc In the spleen the microscopic changes observed were (1) an 
increase m thickness of the fibrous capsule and trabeculie, (2) great increase of 
fibrous tissue in the walls of all the blood vessels , (3) proliferation of the reticular, 
endothelial and pulp cells, (4) presence of bile pigment and hsemosedenm , and 
(5) more or less fibrosis of the Malpighian corpuscles and of the pulp In 
some sections the lymphoid fohcles were converted into masses of fibrous 
tissue and fibrous bands of appreciable thickness traversed the pulp The 
liver sections showed degenerative changes in the glandular cells and multi- 
lobular cirrhosis, with a tendency for the- fibrous tissue to invade the interior 
of the lobules In all the specimens, the fibrous tissue was more- or less 
cellular, the cells resembhng the Kupfer cells No malanal parasites were 
seen The iippression obtained from an examination of the sections was 
that the reticulo-endothelial elements of both spleen and liver first underwent 
proliferation, and that fibrous tissue formation occurred at a later period, 
especially m the liver Some patients had albuminuria with occasional hyaline 
and granular casts, and when this was combined with oedema of the lower 
extremities, which is often seen in cirrhosis of the liver, the extent to which 
the kidneys contributed to the anasarca had to be assessed If renal tests 
indicated any considerable impairment of kidney functions such cases were not 
included m the senes 


Method 

The fragility of the red blood cells in hypotonic salt solutions was esti- 
mated by the method described by Orahovats (loc cit ) After a preliminary 
red blood cell count dilutions of blood, 1 in 200, were made in haemocytometer 
pipettes in solutions of NaCl ranging in strength from 68 per cent to 36 per 
cent Counts were made after about 20 minutes and the percentage haemo- 
lysis plotted against the strength of the salt solution Blood was drawn 
directly into the pipettes Estimations were also made of the bilirubin content 
of the blood serum The serum in all cases gave the indirect Van den Bergh re- 
action 


Resuits 

(Table I gives the results obtained on patients without obvious hepatic 
cirrhosis and Table II the results on patients with definite portal obstruction ) 
Figure I shows two normal fragility curves Haemolysis is seen to begin in 
68 per cent and to be almost complete in 36 per cent NaCl The curve 
nses slowly at first, resembling in this respect the normal curve for cat’s cor- 
puscles as described by Orahovats There is no slowing down at the end. 
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degree of splenomegaly in patients without cirrhosis is seen to be greater 
when the corpuscular fragility is increased than when it is normal or 
dimimshed 



Discussion 

Although the clinical picture in advanced cases resembles that of so- 
called alcoholic cirrhosis alcohol cannot be reckoned a causative agent m 
this condition, as most of the individuals never tasted alcohol In the early 
stages some patients with marked hsemolysis resembled mild cases of acho- 
luric jaundice This resemblance was strengthened by the increased fragility 
of the Erythrocytes The usual progress of the disease is, however, very 
similar to tliat of splenic ansemia — splenomegaly m the early stages with 
fever, weakness, anaemia and latent icterus being followed by enlargement of 
the liver, and finally by cirrhosis with ascites The changes found in the 
sections of liver and spleen exatmned, would correspond to that usually des- 
cribed as typical of Banti’s disease In this connection it is worth mention- 
ing, that Eppinger and Walzel (1926) record that m an examination of a 
number of spleens removed, with good result, from patients suffering from 
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blood sugar falls continuously and the animals die with symptoms of hypo- 
glycjemia, although the muscles contain sufficient glycogen to keep the blood 
sugar up to the normal level if it were released These workers conclude that 
the circulating glucose is regulated by the liver and not by the muscles 
The work of Con and Con (1926) on the disposal of glucose in normal rats 
points m the same direction These observers have found that more ingested 
sugar IS oxidised when insulin is given than when it is withheld, and that the 
source of this sugar is the liver It would seem, therefore, that m normal 
animals absorbed glucose is stored in the liver and in the muscles, but that 
the hepatic stores are much more readily mobilised than those of the muscles 
With regard to monosaccharides other than glucose it is generally accepted 
that laevulose is dealt with entirely, or almost entirely by the liver, although 
Mann (1925) has stated that this sugar can apparentl)'- be utilised in the 
complete absence of this organ In normal animals, at all events, ingestion of 
laevulose causes very little rise in blood sugar and it is on this ground that 
the modern lievulose test for liver efficiency is based [MacLean and de Wesselow 
(1921)] Another sugar which has been used for this purpose is 
galactose Davies (1927) states that 40 grammes of this monosaccharide 
does not cause the blood sugar of a normal man to rise more than about 
03 per cent Folin and Berglund (1922) have also found that galactose is 
much less effective than glucose in producing hyperglycsemia in man, but 
Bodansky (1923) is of opinion that galactose produces a greater rise in blood 
sugar in dogs than glucose It is possible that the ability of the liver to deal 
Avith this sugar vanes in different animals 

A study was made of the carbohydrate tolerance m two well marked 
cases of muscular dystrophy (Erb's juvenile type) Both patients were 
Pathan males, aged respectively 17 and 18 years They sought admission to 
hospital on account of muscular wasting and Aveakness Avhich were sym- 
-• metrical Little in the way of family and personal histones could be ob- 
tained, but No 1 (B) stated that he had suffered from marked v’^eakness for 
about six months, during Avhich time he gradually became unable to get up or 
to remain standing The wasting began apparently in the thighs and pelvic 
girdle and extended to the arms On admission it was most marked in the 

flexors of the hips, the extensors of the knees, the glutei, the spinal muscles 

and the muscles of the shoulders and upper arms The muscles below the 
knees, those of the forearms and hands, the tongue, the masticatory and 
laryngeal muscles, the abdominal muscles and the muscles of the face were 
normal Electrical excitability and loss of power were diminished in pro- 
portion to the wasting There were no sensory changes and no fibrillary 

tremors A moderate degree of taltp’es equmus was present Patient No 2 

(S) was admitted in very much the same condition as No 1, except that there 
was no talipes This patient stated that he had noticed weakness and wast- 
ing of the muscles for about five years, the first disability being loss of poAver 
m standing and walking In this case, however, it would appear that the 
disease began in the upper arms Patient rose from the supine to the erect 
position in the manner typical of the disease No abnormality other than 
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which IS taken tip by the reticulo-endothehal cells, has been found to result 
m the appearance of agglutinins against B proteus O X 19 in gumea-pigs 
infected with typhus fever (Singer, 1926) The experiments of Gay and 
Morrison (1923) led them to conclude that the natural resistance of rabbits 
to experimental streptococcvvs infection is largely, if not entirely, due to the 
local histiocytes Gay (1926) later found that intrapleural immunisation led 
to an infiltration of the subserous layer of the pleura with mononuclear cells 
to sucli an extent that this layer was increased as much as forty times m 
thickness, and that bacteria introduced into the pleural cavity were rap dly 
taken up by these cells Carrell and Ingesbngsten (1912) showed that 
hccmolysins were produced in vitro when goat’s erythrocytes were added to 
culture of guinea-pig’s bone marrow or lymph glands, tissues rich m reticulo- 
endothelial cells Malaria is one of the diseases m which there is enlarge- 
ment and proliferation of the reticulo-endothehal cells, (especially of the 
spleen and liver) which take up red and white blood corpuscles, pigment 
and parasites (Gaskell and Millar, 1920) 'NATiile the hsemoglobm set free by 
the parasites is undoubtedly an important factor m starting this reaction, it 
IS not improbable that another stimulus is provided by the parasite itself 
Proliferation of the reticulo-endothehal cells is found m such conditions 
as kala-azar, trypanosomiasis, typhus fever, histoplasmosis and Oro 3 '-a fever 
(Sacks loc cit ), diseases m which haemolysis is not a prominent feature It 
is known that the resistance of individuals exposed to chrome malarial infec- 
tion varies considerably If not properly treated some die from the direct 
effects of the disease, while others acquire partial or complete immunity It 
IS possible that a prolonged cellular immunity reaction is, in part at least, 
responsible for the condition we are dealing ivith, the hypertrophy eventually 
involving the fibroblasts The response of these people to infection may be 
such, that immunity is only, if ever, attained by a degree of hyperplasia of 
the mesoblastic elements of the spleen and liver that interferes with the 
normal functions of these organs Malarial infection might therefore persist 
beyond the stage of cirrhosis or be eradicated at this stage or earlier Changet> 
111 corpuscular resistance are probably somehow^ related to the activity of the 
reticulo-endothehal cells, while cirrhosis is determined by production and 
multiplication of the fibroblasts It would not therefore, necessarily be the 
case that increased resistance of the red blood cells m hypotonic saline would 
coincide with fibrosis of the liver although it often does Eppmger (1922) 
believes that m arrhosis of the liver, the agent damaging the parenchymatous 
cells also destroys the Kupfer cells, those which survive producing fibro- 
blasts m great numbers, and that the reticulum cells of the spleen start a 
fibrosis of that organ Sinton and Hkighes (1924) showed that in ordinary 
acute cases of malaria there is some disturbance of hepatic function, and 
mention has been made of an acute hepatitis that attacks chronic malarial 
subjects m the Eimjab m bad fever seasons Injury thus caused to the liver 
cells might also be a factor in starting tlie cirrhosis Glucose or cane sugar 
tolerance tests were done on three of the patients and revealed a defect of 
the glycogenic function of tlie liver m each case 
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Date 

lS-1-27 


17-1-27 


18-1-27 


25-1-27 


26-1-27 


29-1-27 


Time 

10-0 a m 

10- 30 „ 

11 - 0 „ 

11- 30 „ 

12- 0 noon 


Blood sugar 
per cent 


186 
221 ] 
216 I 

216 i 

191 ) 


50 grammes of I'cvulose orally 
La:\mlosuna 


10-20 a m 

156 

10-50 „ 

191 

11-20 „ 

202 

11-50 „ 

166 

12-20 pm 

166 

901 

me sf-G 

10-5 „ 

162 

10-35 „ 

202 

11-5 „ 

221 

11-35 „ 

206 


1 c c of pituilnn subcutaneously 
Glycosuria 

■50 grammes of glucose orally and 1 cc 
of piluilrin subcutaneously 

Glvcosuria 


9-15 am 

9- 45 „ 

10- 15 „ 


11-15 


128 

152 

191 

187 

166 


1 c c of adrenalin subcutaneously 
Glvcosuria 


9-20 a m 128 15 units of insulin subcutaneously 

9-50 „ 109 

10-20 „ 100 

10- 50 „ 090 

11- 20 „ 117 


Output of creatinine in 24 hours — 539 5 mg Weight 40 kilos 
Creatinine Co-efficient (mg per kilo per 24 hours) — 13 5 (adult 
normal 20 to 25) Creatine as creatinine in 24 hours 3767 mg 
Bilirubin content of blood scrum — ^normal No urobilin in urine 


In this case also the fasting blood sugar level was generally high but 
varied considerably The tolerance to glucose was defective and the renal 
threshold seemed to be about 190 vPituitrin again caused a hypergl3"caimia 
and when given with glucose the blood sugar was higher at the end of two 
hours than when glucose was given alone Lrevulose (50 grammes) raised 
the blood sugar 30 mg in half an hour and the initial level was not reached 
in 2 hours At a later stage the tolerance of this patient to 40 grammes of 
galactose was tested after treatment had been stopped for four days The 
maximum rise was 35 mg which occurred in one hour, and the blood sugar 
returned to the original figure before 1^ hours One c c adrenalin gave 
rise to a well marked hyperglyctcmia which persisted for over 2 hours 
Fifteen units of insulin caused a fall of 38 mg m 1^ hours after wh ch the 
blood sugar began to rise On the 2nd January, 1927, this patient was put on 
2-grain doses of sodium nitrite three times daily with the object of increasing the 
blood supply to the muscles, as has been done by Cajon, Pemberton and 
Crouter (1926) in cases of rheumatoid arthritis This was combined with 
60-grain doses of sodium phosphate thrice daily, so as to ensure a plentiful 
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produced by adrenalin (Burn, 1915), but m lioth patients pituitrin was 
followed by a rise in blood sugar llie effect of vaso-dilatation on the power 
to store ingested glucose and on the 'hypoglycaunic effect of insulin point to 
the defect being in the muscles The degree of muscular wasting and hypo- 
tonia IS illustrated by the low creatinine co-efficient in Case 2 The high renal 
threshold for glucose is difficult tn understand Tn neither case did the urine 
reveal any abnormalities on the p.tit of the Kidneys, and in Case 2, at all events, 
there was no retention of nitrogen One may assume, perhaps, that the 
kidneys ada])ted themselves to the high level of sug.ir in the blood The 
variation m the level of the fasting blood sugar in Case 2 ])rohahly indicate-:, 
instability of the tone of the muscular arterioles and capillaries 

The lajviilose tolerance curves in CKise 2, both before and after the ad- 
ministration of nitrites and jihosjihatcs might he looked upon as evidence of 
hepatic insufficiency Iherc is consideiahlc difference of opinion as to the 
extent of the rise in blood sugar after ingestion of 40 to 50 grammes of this 
carbohydrate which should he t.dvcn to signify abnormality vSpence and 
Brett (1921) looked upon a rise of 20 mg jicr 100 c cs of blood as indicative 
of damage to the liver, while 1 ollcrman (1923) concluded that hepatic in- 
sufficiency IS to he presumed when the height of the curve after 45 grammes 
of laevulose exceeds 135 per cent and the actual rise from the initial level is 
30 mgs King (1927) found that in ten normal people the average rise in the 
curve above fasting level after ingestion of 45 grammes of lacvulose was 
008 per cent All observers emphasise the fact that in the normal the fast- 
ing level IS reached in H or 2 hours Judged by these standards the Isevulose 
tolerance curves of patient No 2 arc distinctly abnormal Other tests of 
the functional capacity of the liver, however, did not confirm this Thus the 
hilliruhin content of the blood serum was within normal limits, and so was 
the tolerance to 40 grammes of galactose That the muscles do not take any 
considerable part in the storage of Icevulose is shown by the absence of any 
effect of nitrites on the storage of this sugar 

Conclusions 

1 In two cases of well marked muscular dystrophy (Erb’s juvenile 
type), the following defects in carbohydrate tolerance were found («) high 
fasting blood sugar, and (&) defective power to store glucose 

2 Nitrites and phosphates were adm nistered to one patient and resulted 
m an improvement in the glucose tolerance and m the general condition 

3 The cause of the diminished glucose tolerance is discussed and it is 
concluded that it is due to the wasting and poor blood supply of the voluntary 
muscles 

4 The renal threshold to glucose was high in both cases In one patient 
the power to store laevulose Avas less than normal and Avas not improved by 
nitrites and phosphates Tlie tolerance to galactose Avas normal in this 
case 

We desire to express our thanks to Major V R Mirajkar, r r c s , 
Professor of Physiology, King KdAvard Medical College, for permission to 
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RecBnt work on the metaboli'im of carbohj^drates has shown the importance 
of the role played by the voluntary muscles in thfe disposal of glucose The in- 
vestigations of A V Hill, Myerhof and their associates (Hill, 1926) indicate that 
the immediate source of muscular energy is carbohydrate Con and Con (1925) 
have demonstrated on rabbits that insulin causes an increased rate of trans- 
ference of glucose from the blood to the muscles, while the experiments of 
Lawrence (1926) on man have proved that muscular exercise greatly increases 
the hypoglycaemic effect of insulin, and burns carbohj'^drate and depletes the 
stores of glycogen in a way that insulin alone cannot do Best, Dale, Hoet 
and Marks (1926) have accounted for the sugar that disappears from the 
blood of an eviscerated spinal cat under the influence of insulin when glucose 
IS continuously infused by way of the veins Some is burnt and some is 
deposited in the muscles as glycogen Pemberton, Cajon and Crouter (1926) 
maintain that the low glucose tolerance of certain patients suffering from 
non-specific arthritis is due to defective blood supply to the muscles and other 
tissues, and they have demonstrated (1925) that the glucose tolerance in 
normal man is influenced by the amount of muscular tissue receiving an 
adequate supply of blood The relative parts played by the liver 'and volun- 
tarjr muscles in the regulation of the blood sugar level is indicated by the 
expenments of Mann and his co-workers (1925) In dehepatised dogs the 

( ^37 ) 
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muscular was detected m either patient As far as they knew they did not 
belong to the same family The subjects were fasting at the beginning of 
each test and remained m bed on each occasion till the observations were 
concluded Blood sugar was estimated by MacLean^s method 

The followng are the results of experiments on Case 1 (B) (only a few 
tests could be carried out as the patient left hospital) 


Date, Time Blood sugar 


per cent 


1-12-26 

. . 9-30 am. 

171 

• 

10-0 „ 

211 ' 


10-30 „ 

236 . 


11-0 „ 

227 


10-30 „ 

207 

30-11-26 

9-25 a m 

181 


9-55 „ 

187 ' 


10-25 „ 

190 


10-55 „ 

177 


11-25 „ 

172 . 

4-12-26 

10-0 am 

171 


10-30 „ 



11-0 „ 

206 


11-30 „ 

166 


12-0 noon 

156 

14-12-26 

9-50 am 

177 


10-20 „ 

211 


10-50 „ 

206 


11-20 „ 

196 


11-50 „ 

196 


50 grammes of glucose orally 
No glycosuna 

50 grammes of Irevulose orally 
Lsevulosuna 

1 cc, pituitrm subcutaneously 

50 grammes of glucose orally and 1 cc 
pituitrin subcutaneously 


The initial blood sugar was high on every occasion After 50 grammes 
of glucose it IS seen to have risen to 226 mg per 100 c c , and to have been 
well above the fasting level at the end of 2 hours The high renal threshold 
will 'be noted, — above 236 Fifty grammes of Isevulose caused a rise of 
only 9 mg and the fasting level was reached before 1^ hours A c c of 
pituitnn (P D & Oo ), alone gave rise to a transient hyperglycasmia, while 
after glucose and pituitnn tliere was a smaller nse than after glucose by itself, 
but the level of the blood sugar still tended to remain above the initial figure 
The results of some experiments on Case 2 are as" follows — 


Date 

14-1-27 


Time Blood sugar 
per cent 

9- 45 am 157 50 grammes of glucose orally 

10- 15 „ 211 

10- 45 „ 257 Gljcosuna 

11- 15 „ 211 

11-45 „ 166 


J, MR 


12 
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certain ascertained facts Thus retention of chloride occurs in azotjeinic 
nephritis without retention of water, and Volhard and Fohr (1924) state that 
in the early stages of renal dropsy, there is actually concentration of the 
blood instead of dilution This fact indicates that the cause of the dropsy is 
extra-renal, the inability of the kidney to excrete water being only apparent, 
and attributable to a diminished amount of water in the blood-stream Some 
observers, notably Epstein, have associated the oedema with the diminution 
of the protein content of the plasma which is found in this condition, the 
diminution affecting the albumin more than the globulin According to 
Eppinger and Steiner (1917) this is due to the passage of protein from the 
plasma to the tissue spaces, while Mayrs (1926) thinks it probable that the 
loss IS through the damaged renal glomeruli The views of Epstein on this 
point will be mentioned later However brought about, the result of such a 
change is a lowering of tlie osmotic pressure of the plasma, which is no 
longer able to prevent fluid being forced through the capillary walls by the 
blood pressure Eoeb (1923), however, in a comprehensive discussion of the 
factors concerned in the production of rCnal cedema, comes to the conclusion 
that the distribution of water m the body is controlled rather by sodium 
chloride than by the plasma protein 

Recently, de Wesselow (1925) investigated the capacity of the kidne> 
for concentrating chloride after oral administration of KCl Four grammes 
of this salt dissolved in 200 c cs of water are administered without any previous 
food or drink restrictions The urine is collected hourly for 3 hours and the 
percentage of chloride in the samples is determined It is found that the 
maximum concentration, which is usually attained during the third hour of 
the test, IS, in the vast majority of normals, 0 80 per cent or over 
de Wesselow has applied this test to the study of diseased conditions of the 
kidney and has come to the conclusion that nephritic patients showing 
primary oedema, fall into two groups In one of these, the oedema is extreme 
m degree and is associated with large effusions into the serous sacs especially 
the peritoneum There is abnormal permeability of the capillaries with pas- 
sage of chloride and water into the tissue spaces, the chloride concentration 
of the tissue and ascitic fluid being higher than that of the plasma The output 
of chloride in the urine is low, not because of inefficiency of the kidneys, but 
because the chloride of the plasma has fallen ta a low level, sometimes below 
the renal threshold The kidneys, therefore, do not get a chance of excreting 
normal amounts of chloride The cedema is of extra-renal origin and is 
associated Avith hypochlorasmia and oligaemia, a combination which is also 
found in pneumonia, war-gas poisoning and extensive burns When the 
chloride content of the blood rises, the output of chlondes in the urine 
approximates a normal figure In the second group, which includes glomerulo- 
nephritis, eclampsia, pre-eclampsia, persistent oedema of the legs after acute 
nephntis, chronic nephritis complicating pregnancy and acute exacerbations 
of chronic nephritis, the cause of the oedema seems to be retention of Avater 
with secondary retention of chloride In some of these cases the plasma 
chloride is found to be at a high level after chloride ingestion In contrast 
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supply of phosphoric acid for lactacidogen formation The patient stated 
that he felt better as a result of this treatment and after two months there 
seemed to be an increase of muscular power When this regime had been in 
existence some time a further senes of observations were made, the results of 
which are as follows — 


Date 

Time 

Blood sugar 



per cent 


15-2-27 

9-lS am 

182 

50 grammes of glucose orally 


9-45 „ 

496 



10-15 „ 

171 



10-45 „ 

166 



11-15 „ 

128 


9-3-27 

9-15 a m 

128 

50 grammes of l?evulose orall> 


9-45 „ 

157 



10-15 „ 

152 



10-45 „ 

141 



11-15 „ 

141 


7-3-27 

10-0 a m 

181 

15 units of insulm subcutaneously 


10-30 „ 

122 



11-0 „ 

109 



11-30 „ 

109 



12-0 noon 

090 



The fasting blood sugar still remained at a high level and still varied from 
day to day A marked improvement in tolerance to glucose was seen both 
as regards the degree and the duration of hyperglycsemia The effect of 
15 units of insulin was more marked than before, a fall of 91 mg of glucose 
per 100 c c of blood being produced and the level seemed to be still falling 
at the end of 2 hours The ability to store Ijevulose was not improved aa 
50 gramities still caused the blood sugar to rise 29 mg in half an hour, and 
a rise persisted for more than 2 hoqrs 

Discussion 

The defective powei to store glucose in these cases is probably the result 
of the wastage and poor blood supply of the voluntary muscles Hector 
(1926) has demonstrated a diminished glucose tolerance m patients suffering 
from diphtheria and has attributed the defect to interference with the func- 
tion of the liver, adrenals and nervous system In these cases the initial 
blood sugar level was low A lowered glucose tolerance has also been des- 
cribed in certain cases of post-encephalitis lethargica with normal or nearly 
normal fasting blood sugar [McGowan, Harris and Mann (1926a)] Here 
the cause is probably excessive glycogenolysis from abnormal sympathetic 
stimuli, as IS indicated by the fact that injections of hyoscine (IjlOa— 1|50 
gram) improved both the nervous condition and the ability to deal with 
glucose [klcCowan, Harris and Mann (1926&)] In the cases here described 
there was no evidence of nervous disease and the effect of pituitrin is against 
hyperfunction of the adrenals This substance antagonises the hyperglycaemia 
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are also present Thus Epstein states that the term nephrosis is applied to 
amyloid disease of the kidneys and to cases of glomerulo-nephntis with 
nephrotic manifestations Dyke (1924) published an account of six cases of 
renal dropsy, m three of which there were no cardio-vascular changes and 
no letention of nitrogen Microscopic examination of the kidneys revealed 
only slight changes in the glomeruli and interstitial tissue but extensive 
degeneration of the tubule cells In the othei three there were in addition^ 
to cedema, massive albuminuria, etc , hsematuna, raised blood pressure and 
eventually uraemia The kidneys showed not only degeneration of the cells 
of the tubules, but marked inflammatory changes m the glomeruli and con- 
nective tissue Dyke concludes that the oedema is connected with the tubular 
degeneration, and the cardio-vascular manifestations and uraemia with the 
glomerular changes Elwyn (1926), while admitting the occurrence of pure 
Iipoid nephrosis, thinks that the -condition often follows inflammatory changes 
in the glomeruli 

The degenerative changes seen in the tubules in cases of renal dropsy 
seems to be of a liiioid nature, the lipoids consisting chiefly of cholestrol 
esters Some observers have found doubly refractive lipoids m the urine 
It would see that the ‘ myelin kidney ’ described by McNee (1922) and 
others is an extreme degree of the change found in this condition 
^ This communication deals with the results of an hivestigation into the 
nature of a number of chronic cases of renal dropsy admitted to the Mayo Hospital, 
Lahore, during the winter of 1926-27 Judging from hospital figures this 
condition seems to be fairly common in the Punjab The patients all belonged 
to the lower rural classes and definite histones were difficult to obtain They 
all seemed to have suffered from malaria for years and a history of dysentery 
was common Many had enlarged spleens and in two there was also enlarge- 
ment of the liver None were suffering from ankylostomiasis During the 
investigation three cases died m hospital, but post-mortem examinations were 
not allowed The enquiry consisted of determination of the urinary changes, 
of the ability of the kidneys to excrete ingested chloride, urea and water, 
and of the concentrations of urea, chloride (as NaCl), and cholestrol m the 
blood Blood analyses were carried out on samples obtained during the 
chloride concentration tests 

Methods — Blood cholestrol was estimated by the method of Leiboff 
(1924) This method is said to give results rather on the low side The 
figures olitained on 10 normal persons ranged from 114 3 to 160 mgrms pei 
100 c cs of blood The chloride concentration test was earned out according 
to de 'Wesselow {loc ett), chloride m blood and urine being determined by 
Whitehorffis (1921) method Ihe water test employed was that of Strauss 
and Grunwald which is founded on the fact that when a pint of water is 
given to a normal starving person and the urine collected at hourly intervals, 
the sum of the first three hours specimens is equal to the amount of fluid 
taken When the kidneys are diseased the output is considerably less Estimation 
of blood urea and determination of the capacity of the kidneys to concentrate urea 
were carried out by MacLcan’s (1924) methods 
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work m his laboratory and to Dr Mohammad Yusaf for assistance during- the 
investigation ^ 
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Patient No 16 died from urjcmia 3 days after tlie reported observations were 
made Blood urea was liigh and both concentration tests showed impaired 
renal function No 9 also died m hospital about 3 weeks after admission 
Blood urea was relatively low 3 weeks before death but rose to a high figure 
just before the final urfemic convulsions Blood chloride was higher than in 
No 16, a fact which may account for the higher outjmt of chloride in the 
urine In both these patients the urine contained red blood cells In No 14 
the oedema began during the fast month of pregnancy five months before ad- 
mission, subsided to some extent after parturition, but never completely 
cleaicd up Later some ascites developed The chloride content of the 
ascitic fluid is seen to have been higher than that of the blood, but the 
latter is still well above the threshold level 

In patients Nos 5 and 15 there was no ascites and the degree of cedenn 
was not very marked The urine was loaded with albumin, small in amount 
and contained no red blood corpuscles The concentration capacity of the 
kidneys for both urea and chloride was normal and the blood urea Jiardly 
raised The blood cholestrol was low ' 

Discussion 

Of the patients m whom a raised blood cholestrol content was found, 
only one (No 4) can, we think, be regarded as a case of pure nephrosis This 
patient exhibited all the characteristic features of this condition as far as 
could be ascertained The basal metabolic rate could not be determined, but 
the tolerance of the patient to large doses of thyroid combined with a high 
protein, low fat diet and the improvement that resulted from this line of 
treatment, indicated an absolute or relative deficiency of the thyroid gland 
No 2 differed from No 4 in the comparatively poor concentration of chloride 
which was followed later by a falling off in urea concentration It looks as 
if m this case nephritic or inflammatory changes Avere gradually complicating 
the nephrotic process 

In Nos 6 and 11 inflammatory changes were far advanced but the blood 
cholestrol remained high It cannot be said whether m these patients the 
disease began as a pure nephrosis and later took on nephritic characters, the 
result of secondary contracted kidneys, but it is evident that there Avas a 
nephrotic element present Blood for cholestrol and chloride estimation 
could not be obtained from No 3 oAVing to the degree of oedema, but the 
other features of this case suggested a pure nephrosis In the group of cases 
made up of Nos 1, 8 and 13 the blood cholestrol, while not above normal, 
Avas fairly high It is doubtful, hoAvever, if these can be looked upon as 
complicated cases of nephrosis, although this condition may have been present 
at an earlier stage The group consisting of Nos 7, 9, 10, 12 and 16 exhibited 
varying degrees of renal insufficiency and contained two of the three fatal 
cases of the series It is noteworthy that these and No 11 are the only 
patients in Avhose urines red blood corpuscles were found 

In cases Nos 5 and 15 the cause of the dropsy is not to be found m a 
disordered metabolism, m a passage of Avater and salt from the blood to 
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Chronic nephritis is usually seen in one of two forms (1) a type charac- 
terised by high blood-pressure, cardiac hypertrophy, retention of nitrogen and 
uraemia, but without dropsy until heart failure occurs, and (2) a form in 
which oedema is a marked feature from the start In the former there is 
inability to secrete a concentrated mine with consequent polyuria, or at 
times suppression of urine Urea concentration is low and albuminuria 
slight In the pure oedematous \ariety there is no inability to concentrate 
urea, no nitrogen retention and no tendency to uraemia The urine is small 
m quantitj'-, of high specific gravity and contains a large amount of protein 
There is, therefore, little endcncc of renal insufficiency apart from oedema and 
albuminuria Microscopically, , the kidneys show little or no evidence of 
inflammation, the changes found being degenerative m character, especially 
affecting the renal tubules Widal (1912) attributed the oedema m these cases 
to chloride retention with secondary retention of water so as to maintain the 
chloride content of the body fluids at a level compatible with life Hence 
this type of kidney disease was called hydrccmic or hydropiginous m contrast 
to the non-oedematous tj’-pe which was termed azotiemic While pure ex- 
amples of one or other of these varieties are common, mixed cases are fre- 
quently seen The disease may begin m one form and gradually change m 
tj'pe or It may retain most of its own characters and take on m addjtion 
those of the other variety Widal’s explanation of renal oedema was at'first 
generally accepted, but it was gradually found that it did not fit m wjth 
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to lliese (wo {;iotips of adciiinloiis cases, patients with pure n/n(a;mic 
nephritis show retention of chloride in the blood without any retention of 
water the inability to c\ciete chlnnde huntf piim.iiy and paiallcl to (he 
inability to CNCiclc urea dc Wc-sclow concludes that ‘it is doubt fill whether 
true dissociation of the concentrating capacity of the kidney foi urea and 
cbioridc exists ’ 

^ Of late Iheie has been a tendency to look upon icnal disease in w'hich 
only purely degenerative lesions of the kidneys exist as something apail from 
the ordinary nephntides where inflammatory changes aie the chief feature, 
and the term ‘ nephrosis ' oi ‘ bpoid nephrosis ’ is being used to indicate 
the clinical condition characterised by massive albuminuria, oliguria, gross 


oedema and effusions into the serous sacs, reduction of the plasma proteins 
with relative mcicase of globulin, high blood cholcstrol, normal blood urea 
and non-protem nitrogen and no cardio- vascular changes In a paper by 
Izod Bennett and others (1927), wdneh appealed during the course of (he 
w'ork here recorded, theie is given a short history of the de\clopmcnt of this 
conception It has been brought to the notice of the English-speaking world 
largely through the woik of Epstein In a recent paper (E])s(ein, 1926) this 
worker draws attention to the high tolerance to thyroid extract and thyroxin 
exhibited by subjects of this disease The basal metabolic rale is lowered 
in about 60 per cent of cases but not more than 10 to 20 per cent as a 
rule In myxoedema, the B AI R tends to fall to a uniform level of minus 
40 (Kendall, 1919) yet nephrotic patients tolerate, and aie benefited by doses 
of thyroid many times greater than the amounts tolerated by mj xoedematous 
cases Doses of 15 to 60 grains are sometimes required to produce a meta- 
bolic effect Epstein points out thatj. relationship seems to exist between 
the B M R and the cholestrol content of the blood Conditions wdiich 
lower the B M R cause an increase m the blood cholestrol, while those 
which raise the rate of metabolism cause a decrease This relationship is 
found to exist in myxoedema He considers that ‘ the extra-renal factors 
which are so striking and unique in chronic nephrosis are the expression of .i 
primary systemic disorder which affects first the protein and later the lipoid 
metabolism ’ Although the activity of the thyroid gland may be normal or 
even increased, it is not able to meet the demands created by the metabolic 
disturbance The tubular degeneration in the kidneys is the result and not 
the cause of the metabolic change and Epstein suggests the name ‘albuminu- 
ric diabetes’ for the condition In treatment, he uses a high protein (2—3 
grms per lalo), low fat diet to replace the protein loss of the blood plasma 
to compel the tissues to utilise protein and to reduce the lipoidamia " When 
dietary measures are not sufficient thyroid extract or thyroxin is used to stimulate 
protein rnelabohsm He maintains that certain cases of chrome nephrosis ^ e 

ITet tcl'pliI or 

While It IS admitted that m certain rnc(:>c raf i j 
diolestrotemia only de,e„erat.ve lesions o ffie 'l^Xl "rfm.nd 
observations sho« that in some such cases, mfiamttr; “d 
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2 In two cases primary retention of water seems to have been the cause of 
the oedema 

3 In the remaining cases it is probable that the dropsy was of'pre-renal 
origin, due to abnormal capillary permeabilit} to water and salt 

4 Of the latter, one patient exhibited the features of pure lipoid nephrosis, 
and three those of nephrosis complicated by inflammatory renal changes Incom- 
plete investigations on another case pointed to a condition of pure nephrosis 
In the remainder the findings indicated degenerative and inflammatory 
changes but the cholestrol content of the blood was not raised 

5 In a case of pure nephrosis and m one of nephrosis with very early 
nephntic changes considerable improvement was effected by a high protein diet and 
large doses of thyroid extract 

Our thanks are due to Major V R Mirajkar, F r c s , i m s , Professor 
of Physiology, King Edward Medical College, Lahore, for allowing us to 
make use of his laboratory, to Dr, Raghbir Singh, Cluneal Pathologist to the 
Mayo Hospital, for making the blood urea estimations, and to Drs Mohammad 
Yusaf and Fakhamd Dm for assistance during tlie investigation 
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Clinical notes and a summaiy of the results obtained on each 
patient are given in the table Cholcstrol, chloride and blood mea are cv- 
pressed in mgiins per 100 ccs The figures under urea concentration are per- 
centages of urea in the urine excreted during the 1st, 2nd and 3rd hours respective y , 
after ingestion of 15 grms of urea 

In four patients, Nos 2, 4 C and 11, the blood diolestrol content was 
aboA'c normal while the figures arc at the upper limit of normality in Nos 1, 
8 and 13 Nos 2 and 4 remained in hospital foi some time and were given 
a diet containing much pvotein, little carbohjdratc and no fat, combined with 
thyroid extract (B W & Co ) m daily doses of 8 grams rising rapidly to 
18 Neither showed any symptoms of hyperthyroidism 1 he blood cholc- 
fell m each case and tlicre was marked clinical improvement In case 
No 2 the blood urea is seen to be aboAC noimal, and m this patient the power 
to excrete urea diminished with time Ihe response to the chloride coiiccn- 
tration'test was only fair, although the blood chloiidc was above the average 
norm?il (480 mgrms NaCI per 100 ccs), and theicfore above the ordinary 
threshold value de WesseloAV mentions that the usually accepted threshold 
level of plasma Cl is 340 mgrms per 100 c cs 1 his would correspond to a total 
blood NaCl content of about 450 In this patient therefore, it is piobablc 
that the cause of the defective chloride excretion lay in the kidneys In case 
No 4 both urea and chloride concentration continued to be normal as the 
blood cholestrol fell, although there is some rise m the blood urea Ihis 
may be due, as is pointed out by Epstein, to the rise in blood concentration 
which results from the re-estabhshment of normal metabolic processes In 
No 6 the blood urea was high and the concentration of both urea and chloride 
was low The blood chloride was also at a low level Patient No 11 died 
from ursemia three days after admission Examination thice days before death 
levealed very defective concentrating capacity of the kidncy^s for urea and 
chloride Blood urea was not estimated, but the blood chloride was found to 
be above the average threshold level Ihe urine contained a large amount of 
albumin and some red blood corpuscles and the blood pressure was raised 
In patient No 1 the concentrating power of the kidneys for urea is 
normal in spite of a fairly high blood urea content, but the response to the 
chloride test is poor The cause of this is indicated by the high level of 
NaCl in the ascitic fluid and low level in the blood — below the renal threshold 
In No 8 the concentrating capacity for urea was fairly good but the output 

of chloride was poor, although the blood NaCl was above the threshold 
level 


In Nos 7 and 12 the response to the urea and chloride concciitralioii Icsis 
was fair The latter test gave higher figuies m No 12 than in No 7, possiblv 
because of the h.gher figure for blood chloride 1 he blood iii ca wn. / 

quantities Red blood corpuscles were also present In case No 10 tL 
mgs sesembled those of Nos 7 and 12 except that tl,; blood nrcTwL low 
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72 per square mile, and is less fertile than the northern area, cultivation being 
for the most part confined to the valleys of streams 

In the plateau, 85 per cent of the population are Hindus— Baghels, Rajputs 
and lower castes’ while in the hills the population are chiefly animist hillmen, 
the Gonds 

The average rainfall in the ‘ Upanhar ’ is 42 2 inches a maximum of 
64 inches was recorded in 1894, and a minimum of 26 34 inches in 1905, which 
was a year of shortage of crops and of famine 

With the exception of coal mines at Umaria and Burhan in the hill country, 
and of the lime kilns at Sutna, the sole occupation of the State is agriculture 
In the years of normal rainfall it is self-supporting as to cereals, and exports 
giain m considerable quantities, and only m a year following a failure of the 
monsoon rains is the normal outflow of gram exports replaced by an inflow of 
imported cereals Sutna, on the G I P Railway, is the distributing centre and 
commercial emponum of the State A metalled road, 31 miles long, connects it 
with Rewa, the capital, from which radiate other metalled roads whose mileage 
aggregates 100 miles only Apart from these, unmetalled roads and village 
cart tracks are conspicuously lacking, and owing to this lack of commumcations 
the villagers of the interior live in the circumstances and under the economic 
conditions which have prevailed since time immemorial They are dependant- 
for their food supply on their own resources, and the shortage of food-grams 
which follows a failure of the monsoon rams m a country depending for rainfall 
on its crops, is not capable of rehef by imported gram, and is a vital feature m 
the subject under consideration 

The land owners are Brahmins, Baghels, Rajputs and others The field 
work IS done by labourers, the hanvahas, who belong to the lower castes, Kols, 
Chamars, etc With the field labour is associated a form of economic bondage, 
the ‘ harwahd’ or ‘ lugwa’ system, which is relevant to our subject 

A ‘ higtva ’ is a low caste labourer who having incurred a debt of some 
Rs 60 to Rs 80 by extravagant expenditure on a marnage ceremony, or such 
like, has pledged the services of himself and his family to a landowner until such 
time as he has paid off his debt His master, m return for these services guarantees 
his bondman’s food and clothing The food is a ‘ hhawai ’ — a payment m kind of 
a daily ration of such foodstuffs as are available from the ‘ kharif ’ and rabi ' 
crops and as may be expected under these circumstances, the ‘ lugwa’s ’ ration 
consists of the cheapest grams It is unvaried and monotonous and they arb the 
first to feel the stress of scarcity 

Grazing grounds are abundant m area, although poor m quality, and the cable 
are small and degenerate In a Hindu State none are killed for food, and no 
effort IS made to control their reproduction or to eliminate the unfit The average 
village cow yields only about 4 seer of milk per day Only the better classes drink 
milk or consume dairy products, and little enough at that , and such of the poorer 
classes as have cattle collect their milk for the preparation of ghee, which, being 
easily portable, is sold to obtain the money which pays the land revenue of the 
State The only milk product which is consumed by them is ‘ matha ’ butter- 
milk There is a noteworthy scarcity of fruit and of the leafy vegetables which 
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The pulses ripen m August and September, and the cereals, Kakun and 
Saman, ripen first about September or October, followed by Kodon, Bajra, nee, 
and last of all, Jowar m No\ ember The method of preparation of these cereals 
for food IS relevant to this enquiry 

Kodon IS husked with the ‘ cliakara ’ a soft grind stone made of sun-dried 
clay held together by rice husks * It is then cleaned in the ‘ supa ' or winnowing 
basket and pounded with the Musal (the pestle) in the ' kari ' or mortar, and the 
husk — ‘ kanna ’ — is given to animals or may be eaten by poorer classes The 
resulting gram is known as ' Kodai ’ This is washed and boiled, like rice, for 
eating as ‘ Kodo ka bhat ’ and the thick rice-water in which it is boiled, is fed to 
cattle 

Saman and Kakun are similarly treated, Jowar and Bajra, after being 
trodden by oxen, and winnowed, are giound in a hard stone Chakki and the* 
resulting whole meal is cooked over a girdle ('Tawa’) into a girdle cake or 
‘ roti ' Rice is reaped in October, trodden m the ‘ Kahhan ' and winnowed by 
the ‘ supa ’ The gram is husked in the ‘ chakara,’ shaken m the ‘ supa ’ to 
separate the outer husk, which is used to consolidate clay for bricks The gram 
at this stage is known as ‘ Bagri ’ It is now pounded in the ‘ musal ’ and 
‘ kari ’ to remove part of the pericarp It is now ‘ Chawal,’ and the bran, 

‘ kanna,’ is given to animals It is not polished or parboiled It is eaten 
boiled, in the usual manner It will be seen that a very varied selection of 
cereals is available from the ‘ kharif ’ crop for the use of the lower classes, and 
that Its metliod of preparation is not such as seriously to lower its vitamin content 

At this- time of year, the poorer classes use small quantities of green leaves 
of a wild plant, ‘ Chakaora,’ which grows in the rains and is gathered and used in 
August and September while still soft It is eaten with salt, condiments and 
vegetable oils 

No other green vegetable food is available until ‘ Chuna ki bhaji ’ comes into 
general use in December This consists of the green shoots of the young Chuna 
plant, gathered when it is big enough to admit of the young shoots being ‘ pruned ’ 
by being nipped off by the finger and thumb This prevents the plant getting 
stalky and induces a branching which improves its yield These prunings are 
eaten raw with salt, or cooked, or dned for storage, and appear to be a valuable 
source of vitamin A, see later 

Common salt is used by allj as required The vegetable oil, mustard oil, 
and linseed, are used occasionally in small quantities by the poorer classes, with 
tliese vegetable dishes, on the rare occasions when they are available Thcr 
inability to supply fat soluble A is the reflection with which one regards them 
as a dietary ingredient 

The ' rabi ’ cereal crops consist of the following — 


Wheat 


TriHcum acsfwHiu 

Barley 


Horduin vulgare 

Matra 

> 

Lathyrus sahvtts 

Chuna 


Ctccr aneitnum 

Masuri 


Ermim lens 
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the tissues nor in inalnhty of the kidneys to excrete chloi ide Primary retention 
of water would seem to be the cause These cases would therefore belong to 
de Wesselow’s second or hydramne group 

In Nos 1 and 14 the chloride content of the ascitic fluid was determined 
and was found to be higher than that of the blood This indicates increased 
permeability of the capillaries to chloride and iiater, the characteristic of 
de Wesselow’s first group That the remaining cases also belong to this 
group is indicated by the degree of cedema, pronounced ascites and general 
features In Nos 4, 14 and possibly 3 chloride concentration was normal 
because of the high blood chloride and good concentrating capacity of the 
kidney as revealed by the uiea test In No 1 the low output of chloride was 
probabty determined b}’’ the low level of chloride in the blood Low blood 
chloride combined with renal insufTicicncy caused the poor response to the 
chloride test in Nos 6, 7 and possibly 10 and 16, while in Nos 2, 8, 9, 11 
and 12, in whom the level of the blood chloride was well above the kidney 
threshold, renal defect was alone responsible It will be noticed that m case 
No 2 the power to excrete chloride was impaired earlier than the power to 
exetete urea, but that later both functions came into line In No 13 also 
urea concentration was normal at a time when chloride concentration was 
poor It may be that the capacity of the kidney to concentrate chloride is 
more easily upset than the capacity to concentrate urea 

In the cases that ended fatally it was noticed that there was a marked 
increase of the oedema shortly before the onset of urcemia The cause of this 
is mdicalted by the results of the chloride concentration tests carried out on 
Nos 11 and 16 a few days before death There was very pronounced in- 
ability on the part of the kidneys to excrete chloride, with consequent passage 
of increased quantities of salt and water through the permeable capillaries 
The response to the water test was defective in all cases and did not, on the whole 
furnish any information of value 

In view of the good results, temporary though they probably were, ob- 
tained in patients Nos 2 and 4 with thyroid administration and high protein diet, 
It IS important that cases of uncomplicated nephrosis should be detected early 
For this reason, we consider that m all chrome cases of renal dropsy, an estimation 
of the blood cholestrol should be carried out as well as a urea concentration 
test The latter may be confirmed by de Wesselow’s chloride concentration 
test, but this does not seem to be essential, and cannot be properly inter- 
preted without an estimation of the chloride content of the blood and of the 
ascitic or oedema fluid 


'-O^CI,USIONS 

1 The results of an investigation into the mature of 16 chronic cases of 
marked renal oedema are reported In addition to clinical observations cletcrmin- 
ahon was made of the capacity of the kidneys to concentrate urea and d In^ 

0 he amount of chlonde (as Nad), urea and cholestrormTe biood of t 
ab.hty of the kidney to excrete water and of the urinary changes ’ 



458 J. Field Study of Latliyusm 

a knowledge of the paucity of such fare in the famine year in which, perchance 
the case had developed 

Those who can afford to he more fastidious in their feeding consider the 
‘ matra roti ’ to be hard, difficult to masticate, and indigestible, while they knov' 
its proneness to produce lathyrism Ordinarily the better class household uses 
It as a ‘ dhal,’ taken with rice m the evening meal, and under such circumstances 
it never reaches one-third to one-half proportion of the diet, which Btichanan and 
other observers agree to be dangerous There are areas, however; where its 
predominance in the crops entails its being eaten in large quantities mixed 
with wheat or barley as a ‘ roti ’ {see notes on Kotar, where the amount ot 
matfa eaten is large, and the number of cases is considerable) For eating, 
matra is ground, unhusked, m the ‘ Cbakki,’ to form^ a yellow flour which is 
baked into a ‘ roti,’ eaten without sieving by the lower classes Better class 
people may remove the husk from the flour before preparing the ‘ roti ’ As a 
‘ dhal ' it IS like the other pulses, husked in the ‘ Chakra,’ which breaks the shell 
and turns out the yellow hemispherical endosperm, which is separated from the 
husk by shaking in the ‘ supa,’ and boiled and eaten with rice 

Thus matra, and now for its ill effects 

CIvINICAL 

The clinical manifestations of the disease have been recorded in great detail 
by earlier observers, who had, moreover, the opportunity in famine years, of 
seeing large numbers of cases, of recent ongin Continued search has, in the 
course of this investigation, revealed only 13 cases which occurred in 1926 
Examination of old cases might have been multiplied ad hb, but it was found 
that information as to diet and history of onset could not be obtained from th** 
old outstanding cases and it seemed useless to cover ground already traversed 
by earlier observers 

Brief notes, taken in the fleld, have been recorded as to 56 cases, old ann 
new, from winch the following observations may be deduced 

Age of Onset 

In the old standing cases, it is not possible to ascertain with any accuracy 
the age of the patient at the time of onset Out of 23 cases that occurred in 
1924, 1925 and 1926, the following was the incidence by decennial age groups — 
5 to 10 years 4 cases 

11 to 20 „ 9 „ 

21 to 30 „ 7 „ 

31 to 40 „ 3 „ 

Buchanan (1904) who saw a large number of cases, places the onset in the 
majority of cases in the groups 10 to 20 and 21 to 30 The villagers remark 
that it IS always the strongest and physically active who is struck down 

Sejtr 

Few female cases were brought for exhibition, but the figures given for Kotar, 
Abair and Kuan (q v ) based on a census, give a fairly reliable estimate of the 
relative sex inadence 
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' ‘ Korya malt a, pir pi<;aH 

Usk’c khac, gor fiisan 
Hale cliaiidi, iitalke kul 
Ye dekko iiiafra ke skid’ 

Translation — 

‘ The black pea, with its yellow flour 
From eating it comes trouble m the legs, 

Flapping lop knot and swaying hips , 

Behold the ill effects of eating matra ’ 

INTRODUCTORY 

The wnter was deputed under tlie Indian Research Fund Association in 
November, 1926, to examine in the field the epidemiological and clinical aspects 
of lathyrism 

Bundelkhand and Baghelkand m Central India, being areas m which a 
large number of cases had been located, were selected as Ihe venue of the investi- 
gation, with Rewa, and later, Sutna, as its headquarters The investigation was 
pursued by daily visits to all likely villages within five to ten miles of a motoring 
road 

REWA, General 

Rewa State, the scene of the greater part of these observations, is a treaty 
State in the Baghelkand Political Charge of the Central India Agency, of which 
charge it is the largest and most westerly State It has an area of alxiut 13,000 
square miles, about the size of Bulgaria A range of hills divides it into two 
natural areas One, the northern area, consists for the’ most part of an upland 
alluvial plain, the ‘ Upanhar,’ about 1,000 feet above sea-level, which is continuou!; 
with the mam Central Indian plateau , it is open cultivated country, with a 
population of 176 per square mile 

The southern area consists of hills which culminate in the peaks m which 
rise the Sone and the Nerbudda rivers It is forest-dad, has a population of 

( 4B3 ) 
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relieved the monotony, such being beyond their means Occasionally the ‘ nicheh 
matra ’ or immixed lathyrus, might be varied with a ‘ berra/ a mixture of wheat 
and 'lathyrus, or ‘jao berra,’ barley and lathynis, in which lathyrus would pre- 
dominate Another mixture, that of two legumes, gram and matra, seemed parti- 
cularly noxious, and the ‘ jao berra ’ seemed more dangerous than the wheat berra 
A fifty-fifty mixture seemed to be the dangerous proportion, which agrees witli 
Buchanan’s obsen'ations (Buchanan 1904) It was interesting to contrast this 
pre-lathyrism diet of the poorer class patients with that of the household of their 
employers, the Brahmins Thus, in a Biahmin landowner’s household of 6 persons, 
4 adults and 2 children, with two lathynsm-lame ‘ lugwas,’ all eating the 
same matra, about 5 seers of gram would be used .daily The basis of the 
morning meal would be a ‘ roti ’ of wheat and of the evening meal ‘ dhal ’ and 
rice the ‘ dhals ’ being of various pulses, among them lathyrus, which would be 
used in April, May and June, at other times ‘ arhar,’ ‘ mung,’ etc , would take ita 
place This household had 7 buffaloes and 12 kine About IJ seers of milk 
and 1 chhatak of ghee was used daily, the rest of the ghee being kept for sale 
The buttermilk was used in the household and issued to the ‘ lugwas ’ No fruit 
was consumed except mangoes in their season, and green vegetables would occasion- 
ally be purchased from a Kachhi The wild vegetable ' chorai ’ would be 
gathered and used m its season Pumpkins, rhuiya, etc , ‘ chuna ki bhaji ’ in its 
season, salt, and other condiments, vegetable oils, and mahua flowers, fresh and 
dried Contrasting the diet of a family of a caste and station of life which 
ordinarily escapes lathynsm except in a famine year, with that of the low caste 
lathynsm patient, one is struck by the absence from the diet of the lathynsm 
cases of the substances known to be rich in fat soluble A, viz , milk, butter and 
the fresh green leafy vegetables 


Mode of Onset 

It IS known that an attack of fever may precede the appearance of the symp- 
toms of lathynsm 14 out of 51 cases gave a history of an attack of an 
intermittent fever, with rigors and sweating, lasting for 5 to 6 days to a month, 
in the autumn, after recovering from which they found themselves lame The 
time of year, the type of fe^er, and the treatment, ' upas ’ (ten days’ starvation, 
which IS ordinarily the village treatment of malaria), are suggestive of malaria 
having been the cause of the fever Three cases gave a history of an attack of 
dysentery having been an immediate antecedent of their lameness, one of an 
attack of smallpox, while in another, a medical man gave me a definite diagnosis 
of pneumonia having been an antecedent In ten cases, m whom no fever had 
occurred, an exposure to cold or wetting, or unusual exertion had been an immediate 
antecedent Thus one man had been on ‘ begar ’ (forced labour) on a ‘sarkari’ 
bund with short rations, for eight days, with ram falling Another had been 
weeding a rice field in two feet of water or planting singhara nut ’ in a tank, 
roofing a house, chasing run-away cattle and so op The onset is always drama- 
tically sudden and unusually unheralded by prodromata A typical history would 
be that the patient had had a heavy day’s ploughing in heavy ram and had taken 
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are cultivated and u'^cd in ntlici ])arls of India, and only the heller class vil age 
family obtains at larc intonals and on feast days some green vegetables which 
are gi own and hawked by itineiant ‘ KaJihis ’ oi vegclahlc-scllcrs Mango 
gro^cs abound, ami the mango m Us season as the gieen oi ripe fruit, as a decoc- 
Uoii called ‘panna,’ or a dried and powdcied condiment — 'amcbui,’^is laigclv 
used Mabua flowers arc also used to a small extent in the ‘ Uparibar,’ but their 
\ogue,— fresh, fermented, or sun-di led,— is greater among the Oonds of the bill 
tracts, who Inc on a variety of other jungle jiioducls which include the leafy 
vegetables The Gond, unlike the orlhndov Hindu of ‘ Uparibar, does not grow 
anv appreciable quantity of Lathyrus {Rewa State Gaccttci , 1907), and lalhyrism 
IS unknown among these hillmen 


AgticttUinc in Rciva 

% 

As has been noted, the Rowan crops are entirclj dependant on rainfall 
There are no irngation canals A primitive water lift, the ‘ Dhcnkuri.’ is 
used to irrigate from small kutclia wells the exiguous patches of green \egctahles 
tobacco, or sugar-cane, raised by the ‘ Kachhis,’ hut of the agricultural irrigation 
of the cereal crops from w'ells, as practised elsewhere, there is none To conserve 
the rainfall and keep the fields moist enough to yield a ‘ rain ’ crop, earthen banks 
styled ‘ bandhs ’ are thrown across the longer ends of slojnng fields to retairr m 
them as much moisture as possible The Rewan farmei recognises seieral kind-> 
of soil, to wdnch frequent references were met in one’s wanderings Thus there 
IS the ‘ Mair,’ a rich dark loamy sod, retentive of moisture and fertile m the 
autumn ‘ Sigma ’ is a lighter sod more suitable for the ‘ kharif ’ crops and for 
rice ‘ Dumat ’ sod contains the propeities of Iroth and may he ‘ Dufash ’ — suit- 
able for both ‘ rain ’ and ‘ kharif ’ crops, wdnle there arc other poorer sods, suitable 
only for ‘ kharif ’ crops and after years of rest There are two haiwests, m the 
spring and summer, the ' kharif,’ watered by the monsoon rams, and the autumn- 
winter crops, the ‘ rabi,’ dependant on the residual moisture in the sod The 
cereal ‘ khanf ’ crops are as follows — 


Rice 
Saman 
Jowar 
Kakun 
Bajra 
Kodon 
f Urad 
the pulses i Mung 
I Arhar 


uryca sattva 
Pamcuin frumcntaccum 
Joighnm viilgarc 
Sitaua jtahea 
Pencillaria spicata 
Paspalnm stolonifo iini 
Phascolus 1 admins 
PhascohtK inungo 
Cajanus indicns 


Kor"sa™°’'Tj 

part appropriated for the use of the well-to^-do ^ 

IS fahinranTL^ wettings much ploughing ,s done while ram 
determine the onset of lathynsm, as we shall'see kter"’'” experiences often 

J, MR 


13 
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The latter disorder furnishes the earliest sign of the disease, which can be 
detected in very slight cases showing an almost imperceptible impairment of loco- 
motion 

A normal gait is on a fairly wide ‘ wheel base,’ to speak m motoring terms, 
whereas the lathynsm case, owing to adductor overaction, walks on a linear foot 
track, as if he were walking on a rail He has no difKculty in heeling and toeing 
a line, unless rigidity and weakness interfere (Plate XL VI, fig 7) 

The next thing that attracts attention is the progression with slightly bent 
knees, owing to overaction of the hamstnngs 

Overaction of the gastronemius and soleus leaves the toes on the ground 
when the heels have left it and leads to a dragging of the toes as the foot is 
advanced In the effort to achieve this movement, the pelvis is tilted, while to 
maintain the balance disturbed by the linear foot track, the head sways from side 
to side Though a slight case may walk unaided, one stick or two sticks may be 
required, according to the degree of disability In more marked cases adducto. 
spasm leads to a cross legged ‘ scissors gait ’ (Plate XLV, figs 5 and 6) and the 
calf muscles draw the feet into the position of spastic equinus, in which the 
patient walks like a ballet girl on tip toe (Plate XZLIII, fig 2 and Plate XLIV, 
figs 3 and 4) In the last and extreme stage of the disease the postural reflex is 
entirely disorganised, the quadriceps extensor is overcome by the flexors, the 
legs give way at the knee joints and the patient is reduced to crawling in a 
sitting position with wooden hand supports (iPlate XLIH, fig 1) 

Except in these crawling cases of many years’ duration in whom contrac- 
tures from disuse prevented extension of the knee joints, it could be seen that this 
disorder of function is postural A spastic equinus case can get down on the 
sole of his foot when standing at rest, and the spastic muscles can all be coaxed 
into relaxation by the pressure of the hand when the patient is m the recumbent 
positiom 

The degree of disability varies from the slightest possible malfunction indi- 
cated by a bent knee and a linear foot track, to one in which the pahent is 
totally unable to walk Notes on cases illustrating these different degrees of 
disability are sub-joined — 

Crawlers 

Two such cases were seen Stockman (1917) remarks that the clinical condi- 
tion of such cases has not been recorded and the field notes may therefore be 
given in full 

Notes on Cases 

Case No 46 — ^Ram Das, male, age 30, caste Gosain, village Kotar A professional 
beggar and lives on the ahns of food grains which he colfects His mother is also a lathynsm 
case of old standing He got lame 7 3 ears ago (m 1920— a famine year) in the month of 
Sawan (July-August) After an attack of fever which lasted some days he felt some pain 
in the back and the legs He awoke one morning to find himself totalb' unable to walk, and 
has remained so No history of incontinence of unne or faices could be elicited from him 
Before he fell ill, he was eating a mixture of matra and barley got as alms m the village 
Present condtlton — He is totally unable to walk and crawls in the seated position with 
wooden hand supports Knee jerks + -f Ankle clonus present in both feet Plantar reflex 
actue and markedlj extensor Tendon jerks obtained in tendo achilles, adductors and 
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These are sown in September and October and ripen m Maicli and April 
Double or treble sowing is practised, thus wheat is sown with gram and with 
'matra,’ m drills, the seed being fed through a tube (‘nah’) attached to the 
plough,' through Avhich the seed is dropped into the furrow It is thus easy to 
distinguish what is sown intentionally and what is self-sown (‘ lamera ’) Matra 
{Lathyrus saiwus) is sown wth the wheat, as a precaution against the wheat 
failing to germinate m a dry year, in which case only the matra comes up It is 
also very largely self-sown The resulting crop of such an yield of mixed sowing 
!s known as ‘ berra ’ and consists of a mixture of barley and matra— (jao berra) 
or wheat and matra, or wheat, gram and matra The wheat and barley having 
been trodden and winnowed at the ‘ Kalihan,’ is ground in the hard stone 
Chakki The coarser parts of the pericarp are removed by sieving through a 
‘Chhanni,’ the bran being” known as ‘Oiokar,’ but much of the pericarp remains 
in the flour which is eaten as a ‘ roti,’ and the vitamin value of the seed does 
not appear to have been much impaired in the process of preparation of the flour 
Lathyrus sativus — styled matra and batra in Rewa, and variously known in 
India as ‘ kesari,’ ‘ teora,’ etc , has now to be considered 

The ‘ karj'a matra,’ or black pea, winch is the only variety of L sativus 
grown in Rewa, is the large-seeded dark-coloured variety which grows on upland 
wheat land If the seeds are small, the diminutive ‘ matri ’ is applied to them — 
^variation m colour }nelds another distinction, ‘ Bhura matra ’ — which is of slightly 
paler hue, and if the seeds are much flattened, it is called ‘ chipta matra ’ All 
appear to be substantially the same stuff ‘ Goliya matra ’ is the seed of another 
legume which I have not been able to identif} but it is a close relative of our 
garden pea It is grown in the Central Provinces in Damoh and Saugor, where 
It IS called ' batra,’ and there is used as a ‘ dhal ’ but not as a ‘ roti ’ ‘ Bagalpuri 

matra’ is the name given in Rewa to the small-seeded pale-coloured Lathyrus 
sativus grown on rice lands of the Gangetic plain, which is imported during 
famine years It is not grown in Rewa, and is not seen there in normal years 
Matra is in Rewa the staff of life of the working classes at all times and, 
owing to Its ability to grow in a soil whidi is too dry for the other ‘ rabi ’ 
cereals, — of the general population in years of scarcity The labouring man 
hkes It , he considers ‘ matra roti ’ to be ‘ filling at the price ’ and thinks its energy- 
yielding value to be considerable An Abair (Rewa) kahawat exemplifies this 
view — 

Matra kt dhal men dal do lung, 

To reng chale Sainbhar ke sing 


Translation ‘ Only put a dash of asafcctida in the dhal of matra, and even a 
dned sambhar’s horn will (come to life and) walk’ 

If IS considered to be 'humble fairin ’ and a Brahmin patient will not readily 
own, coram publico,' to its extensive use in Ins own household When ques- 
honed as to his diet preceding an attack of lathyrism, he will commonly give 
imaginary accounts of a sumptuous and varied fare whose accuracy one iLrned 
to discount by observing the grins on the faces of the listening audience, and from 
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Ankle clonus is marked and continues after the examining hand is withdrawn The plantar 
reflex IS very active and extensor in type Much adductor spasm and limitation of abduction, 
with adductor tendon jerk, ditto m hamstring muscles, which arc thrown into a clonic 
contraction by a tap on their tendons No marked muscular wasting or trophic changes in 
legs No anaesthesia or analgesia of lower extremities There is no appreciable impairment 
of the functions of the hands and arms He can grind the family grain, but a slight choreic 
movoment of the arms was noticeable Nystagmus was present, and the pupillary reaction 
to light was doubtful He has a little difficulty in retaining urine when the bladder is full, 
but no incontinence of faeces He claims sexual potency and has one child 3 or 4 years old 

The nystagmus and slight choreic uncertainty of the arm movements arc unusual features 
in this case 

The history of his diet illustrates the state of affairs m a famine year (Plate XLIV, 
fig 2) 

Case No 25 — Lall Mun, male, age 30, Chatri, cultivator, he got ill 18 years ago m the 
famine year of * Chhappan * in the month of Asar He got fever, then the eruption of small- 
pox came out Some 15 days after that, he fell down when at stool and got up to find himself 
lame H-c recovered somewhat and was able to walk with a stick 

Diet — At that time, in a famine year as he was a poor man, he had to cat what he could 
get, chiefly matra, which was 12 seers per rupee and wheat 5 seers Matha was obtainable 
from others but he had no cows of his own 

Present co7iditwn — A well nourished stalwart man, who walks with a marked cquinus 
position of the feet On the morning he was seen, he had walked five miles to attend the court 
at Sutna When at rest, he stands on the flat of his feet The toes drag as he walks, the foot 
is neither inverted nor everted Knee jerks H — f- Much spasticity of calf muscles and some 
spasm of adductor muscles The plantar reflex is extensor, there is marked ankle clonus and 
the tendo achillcs tendon reflex is very active An adductor tendon jerk is elicited by lapping, 
the cremasteric, abdominal and epigastric reflexes present, no impairment of movements 
of upper extremities or cranial nerve functions No Romberg sign, no anaesthesia or analgesia 
or lower hmbs 

Reactions to l^ttradic current — All muscles respond, the response of the Tibialis Anticus 
is very slight, and the response of all flexor muscles is strong (Plate XLIV, fig 3) 

At the other end of the scale of disablement are mild cases, of recent yeai^ 
m whom the degree of disability is so slight as almost to escape detection 

Case No 47 — B, female, age 14, caste Brahmani, daughter of C B of Kotar village. 
She got lame inBhadon (August-September) of 1926 No fever or illness preceded its 
appearance, and she had been going daily to weed the ^kharif * crops during the rainy season, 
when a slight uncertainty of her gait was noticed by others At this time she was eating 
the matra-barley berra of Kotar, in which lathyrus predominates, as a ‘ roti * m the morning, 
and m the evening, Bhat (boiled ncc) with a *dhal’ of matra (lathyrus) With the ^roti' 
she was getting ‘ matha * (buttermilk) , and mango ‘ panna ’ during the mango season, but no 
whole milk or ghee, and no ' chorai ' or other green vegetable food 

Present condition — A comely well nourished adolescent girl who has not yet gone to her 
husband’s house, menses nonnal 

Gait-r-A little jerky, with a linear foot track She can heel and toe a line without 
any difficulty and can walk on her heels with the toes raised There is no ataxia The 
knee jerks are present and somewhat active and there is a little ankle clonus The thighs 
can be fully abducted The plantar reflex is inactive, but extensor in type, tapping the tendo 
achillcs elicits a slight contraction of the calf muscles, and so also in the adductors No 
tendon reflex in the hamstring muscles No anaesthesia or analgesia m the lower extremities 
No nystagmus or symptoms of cranial nerve impairment 

EPIDEMIOLOGICAL 

The following notes deal with the circumstances of Kotar, a village locally 
known as ‘ Lungra ’ or ‘ lame ’ Kotar, on account of the prevalence of lathyrism 
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Male 

Kotar 

no 

Abair 

71 

Kuan 

53 


Female 

26 

7 

12 


Total 


234 


45 


The proportion m my cases was, therefore, about 5 mates to 1 female 
Buchanan gave a proportion of 10 to 1 and whichever figure approaches more 
neaily to accuracy, there is no doubt that the sex incidence is very different, an 
that females aie less liable to the disease 


Month of Onset 

Of 50 cases from Avhoin reasonably reliable information could be obtained 
as to the month of onset, the following was the distribution tiy the months of thi 


Sambat year — 



(May) 

Baisakh 

1 

(June) 

Jeth 

2 

(July) 

Asar 

12 

(August) 

Sawan 

9 

(September) 

Bhadon 

9 

(October) 

Kuar 

16 

(November) 

Kartik 

Agalian 

Pons 

1 


Magh 

Phagan 

Chait 

ml 

Among these cases. 

It was notice^ible that of the 16 cases who assigned the 


onset to Kuar (October), nearly all were recent cases who connected (he oiioct 
of their lameness with a preceding attack of fever (malaria which prevails .n 
the autumn Famine year cases usually selected Asar (July) as the lime of 
onset 


Diet m Pciiod Picccdtng Onset 

In all recent cases, and in most of the old cases, with the exception of those 
m whom, as might be expected, the lapse of years had effaced the memory of 
what they had been eating, a history of an exclusively lalhyrus diet, or one in 
which lathyrus predominated, was elicited A striking feature of buch dietary 
histones was its monotony A typical diet of a ‘ liigwa ’ sulTcring from lathyrism 
would be that during the three months preceding the onset of the disease, he had 
been eating twice a day, a ‘ roll ' made from a flour of lathyrus, containing 
both pricarp and endosperm, taken with salt This would be washed down 
uith ‘matha> or buttermilk, or perhaps mango ‘ panna ’ dining the mango 
season No whole cow’s milk, nor any ghee, nor a modicum of fresh vegetables 



466 


A Field Study of Lathy rism 


In the neighbourhood of the village, in the fields which are irrigated by the 
inundation from the north, the crops chiefly of barley and lathyrus are rich and 
plentiful A novel mode of manuring these fields prevails The sweepings 
from the west end of the village are dumped on the lee side of a culvert and 
causeway which traverses the mam line of drainage When the floods come, and 
the water pours over this causeway the refuse is carried away and spread by 
these waters over the fields whicli tliey flood, and thus their fertility is effectively 
maintained An inspection of the fields suggested a predominance of legumes, 
especially lathyrus, m the crops that they yield An examination of tlie food 
grains used in the village and the accounts given by the villagers as to their diet 
confirm this The heaps of ‘ rabi ’ grain crops given m barter in the bazar and 
in the bania’s shops show a large and predominant proportion of lathyrus, which 
is of the large-seeded variety, the ‘ karya matra ’ of the wheat uplands of Rewa, 
with a small admixture of ‘ goliya matra,’ another legume 

The commonest mixture is the ‘ jao berra,’ of barley and lathyrus, the 
proportions varying, but in all cases lathyrus forms the larger portion The 
mixture of latliyrus and wheat is less commonly seen, as the amount of wheat 
grown locally is small As it is a valuable gra,ui, for which tliere is a demand 
elsewhere, it is sifted out from the mixed crop and sold to raise money and 
the lathyrus is retained for consumption and for the wages of the field labourers 
In both wheat and barley berra' there is a certain amount of gram 

In none of the numerous samples examined by me could the seeds of Akn 
{Vicia saiiva) be detected, despite tlie plentitude of this weed m some of tlie fields 
Mango trees are numerous, and mango ‘ panna ’ is much drunk during the 
mango season, m May and June Usually even the poorest obtain it, and it is 
used to wash down the dry and unpalatable ‘ roti ’ of matra, when no ' matha ’ or 
buttermilk is obtainable by them Mahua trees are likewise abundant The 
flowers are sun-dried and stored and parched for immediate Consumption, form- 
ing a sweetmeat which is not unpalatable to European taste 

A wild plant yields a leafy vegetable known as ‘ Choral,’ which is» gathered 
in Chait-Baisakh (April-May-June) by the Kaclihis and is bartered in the 
village by them It is generally eaten during these months, at ten or twelve 
days' interval, but the poorer classes who have little food grain to spare for barter, 
cannot get it, and in a year of gram shortage, no one can afford to obtain it 

The staple diet of a better class Brahmin household, while the ‘ kharif ’ 
crop lasts, is, m the morning, a ‘ roti ’ nrade of barley and matra, the latter pre- 
dominating, washed down with panna (mango decoction) or matha (buttermilk) 
according to the time of the } ear , and m the evdning, rice, with a dhal of matra, 
cooked whole 

On this diet four mild cases of lathynsm occurred in 1926 The proportion 
of lathyrus m the diet vanes in inverse ratio to the aflluence of the family, and 
the poorer classes live for eight months of the year on an exclusive diet of 
lathyrus (nichela matra) and four months on Kodon, with a little dlian and 
some mafra 

Families in comfortable circumstances can supplement tins diet with some 
milk or ghee, and a little green vegetables, the poorer labouring classes have 
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shelter and sat down under a tree On getting up he found himself unable to 
w'alk and had to be earned home, or case 44. who got lame m Bhadon 1925 He 
was at work m the fields when a rigor of fever, with cold and shivering seized 
him He w'ent home and lay up for four days He got up and went outside to 
obey a call of nature and tried to jump a gap m a bund He fell down, could not 
rise again and was brought home by his mother In a very few^ cases prodromal 
s>Tnptorris of tingling and numbness, pins-and-needles feeling in the legs, or pain 
in the back, may have been noticed, hut it seems clear that such are rare, or slight 
prior to the development of the syndrome 

In the 51 cases of which records were kept there was little variation in the 
signs and symptoms of a spastic diplegia 

In none of the cases w^ere there any symiitoms of mental impairment Speech 
was normal, and the cranial nerves unaffected, except in one case, that of Chida, 
No 27, m which there was nystcigmus, m whom also an exceptional chorcic 
movement of the upper limbs Was noticeable Impairment of the tactile and 
painful sensation in the low'cr limbs was always absent and so also was cedema 
or wasting of the muscles of the low'er limbs The superficial reflexes, cremasteric, 
abdominal, and epigastric, were often hard to elicit, and in some cases seemed 
absent The knee jerks were always present and exaggerated, and sometimes 
a tap on the ligamentum patellie would set up clonic spasms of the low'er limbs 
A tendon jerk could usually be elicited by tapping the adductor tendons, the 
tendo achilles, and the hamstring tendons The plantai reflex, often hard to 
eliat m the horny soles of those w'ho w'ear no shoes, w'as, when elicited, extensor 
m type in all but two cases with otherwise typical symptoms, m whom it was 
flexor m type Ankle clonus was present in nearly all cases In extreme cases 
the sphincter control may be lost at the onset but is regained later Sexual 
potency is retained Romberg’s sign was always negative 

\ 

Electrical ReacHons 

In such cases as an opportunity of testing the response of the leg muscles to 
the Faradiq current was obtained, all the muscles responded to a fairly brisk 
stimulation at the motor points, the fle-k;ors more actively than the extensors 
Arrangements for applying a galvanic current of sufficient voltage could not be 
extemporised under field conditions 


Gait 

The gait IS very characteristic and has been very fully described by carher 

observers The writer found it most easily understood on the hypothesis that 

the disease is a lesion of the upper motor neurons, whereby the influence of the 

cerebral cortex in correlating the actions of different muscle groups has been 

disturbed, and the control of the postural reflex removed This which is 

normally a continuous act of extension of the lower limbs and' spine ,s dis- 

ordered, the flexors overact and overconre the extensors, and the adductors 
overpower the abductors of tlie thigh adductors 
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Owing to the discouragement by the State of the growth if lathyrus, and tlie 
fact that the last few years have had good monsoon rams, and good gram is at 
present fairly plentiful, the 1925 and 1926 cases were comparatively few, and 
their symptoms light Nevertheless the amount of lathyrus in the diet of this 
community is unusually large and to this fact coupled with the poverty and 
primitive mode of life, and the lack of the protective foodstuff m their diet. I 
would ascribe the unusually large number of cases of lathynsm m this village 

ABAIR VILLAGE 

Abair is a village some three miles east of Kotar Its fields show the same 
predominance of legumes in their crops, particularly of lathyrus, and the village 
diet shows the same features, namely, a large proportion of lathyrus The 
village population consists of 1,480 persons, 715 males and 765 females, and 
there are 71 males and 7 females affected with lathynsm, i e , about 10 per cent 
of the male population and about 10 per cent of the female population 

KUAN VILLAGE 

Kuan village, in this neighbourhood - has a population of 393 males and 
399 females There are 53 males showing symptoms of lathynsm, and 
12 females, i e , 13 5 per cent of males and 3 per cent of females All old 
cases 

AMIRITI VILLAGE 

Having noted the prevalence of lathynsm m Hindu communities who subsist 
on a diet m which lathyrus predominates and the protective food substances aie 
lacking, It was now thought desirable to investigate, as a control, the prevalence 
or otherwise of lathynsm m a community using lathynis m the diet and living 
under sirmlar conditions, but witli the addition to their diet of the ‘protective 
food substances ’ It was thought that a Mohammedan village should yield sudi 
information, and although such are few in Rewa, a scrutinity of the census 
returns showed that one such village existed, viz , Amiriti, a remote agricultural 
village in the Huzur Tahsil, containing 464 Mohammedans in a total population 
of 597 This village, was therefore, visited for me by Sub-Assistant Surgeon 
J P Shukla, and the following observations were recorded by him — 

‘ The fields contain wheat, barley, gram and mafra crops The proportion 
of matra is about one-fourth to one-sixth of the total crop and several small 
fields of goliya matra were obsen'-ed A ‘ berra ’ of matra and other grains, 
in the form of ‘ roti,’ is eaten here, as elsewhere, as the staple diet, with arhar 
and masoor dhals, vegetables are eaten once a fortnight The village is on the 
bank of a nver, and fish, caught by netting, is eaten every second day throughout 
the year Flesh meat is also eaten, mutton, and goat’s flesh, also flesh of deer, 
hares, tortoises, crabs, etc 

Little ghee is eaten altliough some families use it the custom being to make 
and sell the ghee to pay land rent 

There are 118 houses m the village, with a total population of 597, 20 ^ 
Mohammedan males and 260 Mohammedan females The rest are Kols and 
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hamstrings of Ixilli legs There is niiicli spasm of llic afiduclors, (he thighs cannot lie separated, 
nor can the Knee joints he extended miicli l)C}ond a right angle There is much wasting of 
the thigh nml calf muscles No ainigcsn or nua.slhcsia of lower limbs Crcmaslcnc reflex 
not elicited, abdominal and epigastric reflex not ohlaiinblc as contractures of the alKloniinal 
muscles keep the trunk in partial flexion, on account of wdncli patient cannot he on Ins back 
There is no nystagmus, titc tongue is protruded straight and the facial mo\cmcnls arc complete 
No tremors or ataxia of the upper extremities 

Case No 22 — Sepana, male, age caste Cliumar, pensioner at Siitria Lime Works, 
where he was a coal breaker Has l)cni lame for IS 3 cars or so, l)cuig first attacked m the 
niontli of Asar TJic Inslon is that he first got a pam in the lumbar region and found tint 
he was unable to walk o\cr unc\cn ground Tins gradualh increased and b\ Octolicr he fotind 
that he needed two slicks to walk, when he came to llic I ime Works as a coal breaker Then 
pins-and-nccdicv sensations I>cgan m his legs and he found himself unalilc to stand upright 
or to walk without falling, so he look to crawling These feelings disappeared, but the 
mabihl> to walk Ins remained Wlicn at Ins worst, he had some trouble m retaining f.xccs 
and urine 

IJici — For ibrcu montbs Iicforc gclUng ill he v as eating a bread of lath} ms and barlcs, 
the former predominating The bread was prepared In making a flour of the pea and eating 
It wilhoul separating the husk Lultenmlk was drunk with it, but no ghee, milk or green 
\cgctablcs were obtainable He continued on llic diet for six months after first gelling lame 
Prestui couditwu — He crawls m sealed position, with feet buttocks and hands on the 
ground His general htallJi is fairh good, bowels regular, and no incontinence of urine niid 
fxccs His lower limbs arc wasted, the range of pa^^sne mo\cmcnts at the knee joints is to a 
point AS"" short of full extension, owing to contracture of the hamstring muscles The 
knee jerks arc prc’^enl hul weak Tlie adductor muscles arc conlraclcd, and alKluclion of 
the thighs IS \cr\ lumtcd An alKkiclor jerk is elicited In tapping the abductor tendons 
Ankle clonus is present '1 he plantar reflexes arc \er\ dull but an extensor response of 
the great toe was elicited in the right fool Suptrficnl reflexes epigastric, abdominal 
' crcmaslcnc and gluteal not elicited Uhc scajnilar reflex was obtained There is no aiiTsthcsia 
or analgesia of the lower cxlremiliLs No tremors, no impairment of the movements of 
the hands and arms, instngmns absent, facial and lingual movements unimpaired 

electrical fractions — With tlic Faradic current in botli legs some contraction was 
obtained l)j sUmiilatioh of the motor points of the T ilnalis anlicus, Peroneus Longus \ddactor«', 
and Quadriceps Lxtensor, Semimembranosus Scimleudcnosus and Biceps 

No reaction m the GaslroLncmins md Solens over the motor points but some movement 
was observed with the ckclrodc over the Sciatic nerve liclow tlic gluteal fold 

This case illiistmtcs the complete crippling produced bv continuing witli a lalhvnis diet 
after tlie first sjaniUoms have apjiearcd The cleelrical reactions indicate an upper motor 
neuron lesion even in an extreme ease such as this fPlalc XLIII, fig 1) 

Ca^c No 27 , IS an example of an extreme ease, just short of the crawling stage. 

Chida, male, age 30 , caste Kol, occupation, was a Imruaha He got lame m a vear of 
famine, Jibout 12 3 car'- ago when the crops failed and no grain was obtainable localh Wheal 
was then 4 seers to the rupee and malra was 16 siers to the nipcc and he had to cat tins 
He obtained it from Sulna Bazar and it was Bagalpiiri malra, imported gram He could 
not then obtain 3113 buttermilk, as lie bad no cows of lus own and (hose who bad Initlcrnnlk 
kept it for themselves No green vegetable foo<l was wilhm Ins means and the 0UI3 flavouring 
with Ibis ‘rotF was common salt Tins matni diet was continued (ill Knar (October- 
Novcmlicr) when lie got Kodon, and Dhan and other food After a dav at earth-work 
on a bandh in Sfiwan (AugusUSeplcmlicr) lie was sleeping on a cliarpov oiUsulc \ Mxad ’ 
or wind struck hmi and when he woke, he found himself unable to walk Ik bad no fever 
and no pain anywhere 

Gail Uses two slicks as lit drags Ins Ircmhlmg legs along, with feel liiriicd m and toes 
^^Kging j^long the ground The knee jerks art much exaggerated and a tap on the patellar 
cn on sets up clonus in all the leg muscles, whitli has to be controlled by Ins bands Marked 
spasms of the flexors and adductors, wlncli can be overcome b3 gentle passive pressure 
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and the population, especially the pooler classes, who sufFer most from lathvrism, 
has been exposed to privation, malnutrition, and vitamin depletion, and are in a 
condition of giave nutritional instability, caused by a diet deficient in fat-soluble A 
Some evidence in regard to the existence of an avitaminosis of A is afforded 
by certain facts that came to light regarding night blindness in association with 
the prevalence of lathyrism 

McCollum (1925) states that ‘this is a condition which seems related to a 
deficiency of fat-soluble A in the diet of man ’ He regards it as ‘ a specific 
syndrome of dietary origin ’ and suggests that ‘ a diet derived too largely from 
cereal products, tubers, and other foods having similar deficiencies, induces 
lowered vitality which becomes manifested, among other ways, in faulty vision ’ 
My observations indicate that this condition is very common in Rewa 
Major C H Smith, i m s , Superintendent of the medical department of 
Rewa State tells me that it is common m the jail, mostly m the hot weather 
months when vegetables from the jail garden are lacking and in this connection 
It IS noteworthy that the fat element of the jail is derived from vegetable 
oils, not ghee 

The Sub-Assistant Surgeon in charge of the Nagod State Dispensary tells 
me that he sees a number of cases in the hot weather months and that he connects 
its occurrence with a lack of fat in the diet 

Mr Jardine, the Manager of the Sutna Lime Works, sees cases of this 
disorder of vision among his laboui force and he first drew my attention to the 
belief in the eflficacy of chuna leaves — ‘ chuua ki bhaji,' as a remedy 

For this complaint, known as Rataondhi, the traditional Indian remedy of a 
diet of goat’s liver (a source of fat-soluble A), with a poultice of goat’s liver to 
the eyes, is well-known 

Ghee is also esteemed as a remedy and is used as such by those who can 
obtain it 

A Brahmin cultivator expressed to me the unprompted opinion that those who 
eat ghee do not get Rataondhi and that the first milk of a newly calved cow is 
also efficacious as a cure ’ 

‘ Qiuna ki bhaji,’ the green prumngs of the young chuna plant is, however, 
the most universal remedy among the vegetarian poorer classes Thus in the 
family of a lathyrism case No 51, the story was told me that the young wife of 
the patient had, in August of the year in which the husband developed lathyrism, 
suffered for six days from night blindness Her old mother-in-law produced 
some dried ‘ chuna ki bhaji ’ which was kept in the house, soaked it in water, put 
It up on the roof of the house overnight, and fed the patient on this, who found 
herself cured in two days 

It IS significant that in one family the man developed lathyrism and the wife 
night blindness m the same month and on the same diet 

That the association is not fortuitous is suggested by the observation that in 
Kotar village where, as we have seen, 12 per cent of the male population are 
afflicted with lathyrism, night blindness is extraordinarily prevalent 
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among its inhabitants and those of adjoining villages This area well illustrates 
the conditions under which lathynsm prevails, and as such m.iy he considered m 

‘ LUNGRA KOTAR ' 


The village IS some nine miles east of Jetwar station on the GIF Railway, 
with which a cold weathei cart track connects it U is situated on <i liillock, and 
IS grouped round a ruined Jiaghcl fort, which is said to have been built liy 
Maharaj Bhao Smgh m 1675, and has for many generations been abandoned 
The environs of the village show evidence of departed prosjicrity m the shape of 
numerous large tanks, now used for washing clothes and bathing, which doubtless 
served tlie needs of a population considcrablj greater than that which now 
utilises them The \illage is within a mile or tw'o of the Tons river and surround- 
ing the hillock on which it is situated, is low'-ljmg ground, along wdiich the 
drainage of high ground to the north of the \illagc runs to join the river This 
low ground is intensivelj cultivated by Rachhis, Init the green crop which they 
grow by copious irrigation wuth water raised by ‘ dhcnkuris,’ is not one of the 
edible vegetables, but of tobacco, which is grown for export, as its flavour is much 
esteemed locally ^ 

Cattle are numerous, but as is the piaclicc m Ivcw'a, most of the exiguous 
yield of milk is utilised for the manufacture of ghee, which is sold to raise 
money to pay the taxes and only the better class families consume a portion of the 
dairy products of their own animals 

The people are all agriculturists, and there are no industries of any sort 
The ‘ Kachhis ’ export dried tobacco, and ghee, and a little superfluous food gram 
IS exported and these form the only outside sour<;es of income of the vnllagc 
There is little circulation of money, and m the weekly bazar ,ind m the baiiia’'^ 
shops the peasants purchase their simple needs of salt, gur, and the cotton fabrics 
used for clotliing, by liartermg an equivalent value of the food grains of their 
own crops The ‘ khanf ’ crops are rice and Kodon, chiefly the former, and 
they appear to be somewhat scanty The people of the poorer classes who are 
dependant on daily w'ages or on ‘ khawmi,’ a payment in kind, tell me that they 
live from December to March on the gram of the ‘ khanf ’ harvest, viz , Kodon 
and rice, and for the remaining eight months of the year on the cheaper grams 
of the ‘ rabi ’ corps These grains are wheat, barley, matra, the pulses, masoor, 
etc , and a little gram 

On nearing the village and crossing the fields, one is struck by the preponder- 
ance of legumes m the growing crops 

There are a few fields of wheat and matra, of poor and stunted growth, 
and barley and matra is more plentiful There are many fields of masoor 
and a little gram, and in all these there is a superabundance of Lathy} us sativusf 
which IS also grown by itself or mixed with the pea called ‘ goliya matra,’ which 
IS more common here than what one sees elsewhere 

In the low-lying fields in which ‘ khanf ’ crops of nee are raised, there is an 
unusual amount of Akn (Viaa sotiva) 

As IS the custom elsewhere, this growth is assiduously weeded out and fed 
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privation, on the inadequate ‘ rabi ’ crop of 1920-21, supplemented by cheap 
imported grains 

It has been shown that in a normal'year, no importation of gram occurs, and 
that the ' Bagalpuri matra ’ whose germination he suggests to be the cause of 
the disease, is never used He suggests that the indigenous vetch is perhaps 
non-poisonous, but of the 13 recent cases seen by me all had been eating locally 
grown matra and of the eight samples of such gram that were obtainable, all 
were of the laige-seeded variety, the ‘ kaiya matra’ of the wheat uplands of 
Rewa 

From tins it would appear that the locally grown matra is as potent to produce 
lathyrism as is the imported ‘ Bagalpun matra ’ whose consumption in a famine 
year has earned it an undeservedly evil reputation m Rewa, — a disrepute probably 
due to the circumstances of its use rather than to any inherent and special toxicity 

He noted that the majority of cases seen by him gave the month of July as 
the time of onset, and he suggested that this indicated the possibility tliat germina- 
tion of the gram occurs during the rams, which produces the poisonous amine 
to the ingestion of which he considers the symptoms of Iath)msm are due 

Buchanan (1904) paras 52 and 64 to 67 of his report, has sho\vn that three 
months of lathyrus diet at any time of the year will determine the onset of 
lathyrism, lind it would appear that the facts which he cites afford a credible 
explanation of the appearance of the cases m July when three months of pre- 
ponderating lathyrus diet since the harvesting of the ‘ rabi ’ crops in April, had 
been accomplished, without assuming germination and a poisonous amine to be 
the explanation 

The possibility of the occurrence of such germination was, however, care- 
fully investigated In none of the specimens of Lathyrus satwus which had 
formed the staple diet of eight cases before the onset of their disease, was any 
sign of germination detectable, and this was confirmed by the Director of the 
Institute of Plant Industry Indore, A Howard, Esq , c i C , to whom samples 
were sent for examination 

It does not appear likely that such can occur The gram is harvested in . 
the hot dry month of April„ It is stored in the houses in a large sun-baked 
earthen jar called the Kutuli 

Gram which is to be used for seed is mixed with wood ashes to prevent the 
inroads of weevils, while that required for use is kept in the Kutuli and taken 
out and spread in the sun at frequent intervals to keep off weevils It is unhusked, 
and the pencarp is thick and resistant and unlikely to permit of the germ being 
activated by an increase of atmospheric humidity 

I was informed by all whom I questioned, that only such gram as has been 
soaked in water will germinate, and that if it does, it is rejected as unfit for 
food 

No field evidence can therefore be discovered whicli suggests that an imported 
gram is the offender or that germination of the grain occurs, while the July 
incidence seems more credibly explained by the completion in that month of a 
period of three months’ diet of lathyrus rather than by the occurrence of a 
hypothetical germination 
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none of the forma, mul liltic of die hKei. exccpi foi muIi miuH .imounl oi 
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XAvd c\onls nmlilc 

According to die \ill.ngc ‘■ihool m.islei, inilari.il f(\(r is vers ]irc%a1aU iii 
Oclohcr, as might he expeUed fiom the amnmit nf iht lo\\-l\mg hind which 
surrounds the village 

^I'hc popiil.atioii nl (he village m (he last census w.i+. l,//d .ill lliiidiis cxicpi 
three, who were Mohammed.ins 'J'hcie were 160 houses Sid Hindu miles and 
918 Hindu females 

A rough census of the mimher of cases of laths rism in the village w.as 
obtained hy summoning a jirommcnl ni.in from each Moholla and gtllmg him to 
name diosc III Ins (|ii.irlci nrilicicd with lameness 'I he figures thus olil. uned were 
110 males and 26 females, total 136 

On these figtiics it would appc<ar that 7 6 pci cent of the total po[nd.ition, 
or 12 8 per cent of the male population, and 2 8 per cent of the female population 
are affected with lalhvnsm, and it is prob.ihlc that these numbers arc an under- 
estimate 

It appears, therefore, that the description ‘ lame Kolar ’ currently applied to 
this village, is justified h} the condition of a population, 12 8 per cent of vvho-e 
adult males arc crippled hy lathyrism 

On the supposition that lathvnis diet is the piimarv cause of this calaimtv, 
the state of affairs m tins village is icadilv explainable 1 m om the foregoing notCN 
as to crops and diet, it will be seen that the population lives very largcl) on a 
iatliyms diet, which is the predominating food grain in this area A local kali.ivv.U 
expresses this dependance on lathynis in rhyme — 

'Malta ki roU, iiiatra kt dhal, 

Maira In paii lakhan har ’ 

which may be translated as follows — 

‘ Bread of matra and matra as dhal 
Matra indeed is the guardian of all ’ 


Possibly the barley-lathyrus ‘ berra ’ which they use is a more dangeious 
diet than the wheat-lathyrus more common m other Mouzas of the Revvan 
‘ Upanhar ’ and the lack of variety and the comparative shortage of the kharif ’ 
crops of Kotar may also be an unfavourable factor 

The villagers say that in former years they grew much more matra than 
they do now, and that this was the cause of the excessive lameness and of the 
epithet ‘ lame Kotar,’ and they recall that m the famine years, to which all the older 

matra nothing but 


Under present-day conditions, a small annual crop of mild cases is ocairri 
Nine cases were reported to have occurred in 1926, of these 6 cases were seen i 
dia^osed as lathyrism One was absent from the village, one was not a c 
of lalhynsra but of injury, and a third was of doubtful causation and may Ir 
been syphilitic, 5 cases of 1925 were seen ^ 
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seeds of Akri may be found in a handful of wheat from the bottom of a heap 
The large-grained ‘ Karya matra/ the cheap grain which is fed to ' lugwas ’ and 
whose consumption causes lathynsm, ordinarily contains no Akn 

The only crop in which a very small percentage of Akn may be found is a 
‘ berra ’ produced m a somewhat moist field which in the previous year had been 
sown with wheat and matra, etc , and for some reason is being allowed to he 
fallow under a self-sown, unweeded crop, consisting chiefly of matra and a 
Uttle wheat, with some wild vetch in places 

Sucli a crop is given to the ‘ lugwas ’ and may admittedly contain ‘ one pice in 
the rupee ’ of Akn, but such slovenly methods of farming are very rare, I only 
saw one such field in four months’ wanderings 

None of the many samples of matra in current use which I collected 
contained any Akn seeds, which are easily distinguished from the large and 
characteristic seeds of the upland wheat lands, although it may be more difficult 
to distinguish them from the smaller seeds of the grain grown on nee lands 
Six specimens of grain which had been eaten by lathynsm cases were sent to 
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Barley 

250 

18 

293 

3 
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28 

Wheat 

28 

891 

36 
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32 

6 

Rice 

13 

1 

I 
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Linseed 

9 

4 

0 
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Gram lentils, 
etc 

22 

9 

7 

16 

60 

7 

Kesan 

489 

657 

303 

497- 

657 

864 

Akta 

54 

0 

15 
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0 

0 

Earth 

A great 
deal 

Very little 

None 

i 

None 

None 

i 

A great 

1 deal 

l 

Weevils * 

Weevilled 
but no live 
weevils 

Many live 
weevils 

Few 

weevils 

Very 
weevilled, 
many live 
j weevils 

i 

Very few 
weevils 

1 

No weevils 


* The weevils which infest matra were sent to Mr Bainbngge Fletcher, Impenal 
Entomologist, Pusa, for favour of examination 

He reported ‘that they are not real weevils, but are a species of Bruchus ^Bruchid'c) of 
which several species attack pulses in India ’ He advises that they occur practically throughout 
the w'orld in various species of peas and beans and that it is therefore unlikely that they are 
concerned in cases of lathynsm ’ ' 
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chamars who arc ‘litg\\a<?* of tlic culuvator-^ Pnc pcison^ ate icpork-fl to he 
line, Ihrcc tc, rales a.«l wo ...ale- Tra. Moli.m.inci.in funn e. lusc '’Otn l.nne 
s,„cc b.rll, or carlj cloWliootl ami a KnI uonnii lus a frarluir,! liK O Il.t 
2 male eases, one, a Molianinicdan, became lame 12 >cars a^o aflc. ^mllpox 
He was not ex.ammcd, but bis gait w.tli u.delj si^rend foot-lracic uas not that 
of latluTism The second has a Mims m connection %\ilb llic knee joint Ilure 
are no old latbynsm cases of the famine }car m ibis Mlinjtc In 189/ when the 
food grains ivcre short, ihcv supplemented their diet with fish and game, and 
the superfluous cattle were probably killed ofT and calen’ faltliough tins would 
not be expressly admitted in a Hindu Stale) 

TheMugwas’ m ordinary >cars share m the flesh ditl of their master'-, and 
none of them haNC c%cr developed latlurism c\cn m famint jears 

‘The state of afTairs m tins Milage as compared with Hindu Milages is si^ni- 
ficant Matra forms as large a proportion of their cereal crops as it dots ni the 
Hindu villages, but it would, in Rewa, be almost imiiossililc to find a Hindu 
\nilage of this size wdiich is free from some cases of lathjrism Its immunity 
seems to suggest that ,1 bettci balanced diet with a higher Mtamm content cn.ables 
a population to use lathyriis in considerable amount without harm accruing 

DIET AND LATHYRIvSM 

It will be seen that nothing has come to light m this nucstigation winch 
casts any doubt on the age-long experience of the human race that a lathxnis diet 
produces lathjTism The kahaw'at w’bich beads this report w’as related to the 
writer by an intelligent peasant in a Nagod village and embodies their cxjicncncc 
of the results of eating matra 

Ample confirmation was also obtained of Buchanan’s dictum that a three 
months’ diet of one-third to one-half of lathyms is dangerous 

This, however, is not the whole story, for man) there be who cat lath)ni'', 
who do not get lathyrism and it seems from these investigations that certain 
conditions of nutritional instability are important, and perhaps essential factors 
m the production of the disease 

It has been shown that in the diet of the Rewan peasantry the green leaf) 
vegetables and dairy products are conspicuous by their absence During the dry 
hot weather months green vegetable food for man is lacking and the cattle are 
on starvation diet, meagrely fed on the few pickings they can obtain on the 
pasture lands, supplemented by dried fodder, the straw of tlfc ‘ rabi ’ crops 
What milk they yield is presumably deficient m A The supplies of vitamin A 
in the human diet, ordinarily small, are in this period especially m defect, and 
these are the months from April to September when the ' rabi ’ crops are the 
staple food, and the poorer classes, and, m a famine year all but the ncliest live 
on a lathyrus diet July is the month when a period of three months of lathyrus 
diet IS accomplished, and the lathyrism cases begin to appear 

Moreover, m a year of deficient rainfall and famine, when such cases aie 
numerous, the kharif ’ crops normally varied m kind and plentiful in quantity 
upon wtach the poorer classes depend for the.r nourtshment, iLe been n.adeqtje; 
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A Field Study of Lathyiisin 


only those whose circumstances of life approximate, to famine conditions 
acquire lathyrism and the striking feature of a pre-lathynsm diet, apart from 
the preponderance of lathyrus, is the absence from it of the protective food 
substances of McCollum The notes on Kotar village show that where one of 
the recognised effects of a diet which lacks m fat-soluble A viz night blindness, 
IS very prevalent, lathynsm is rife , whereas tlie ‘ control ’ Mohammedan village 
of Amiriti, also using lathyrus as a foodstuff, but adding to its diet other 
articles as eggs, fowls, fish and flesh meat, is entirely free from lathyrism These 
indications seem to point to the possibility tliat lathynsm is allied to the deficiency 
diseases in the mechanism of its causation 

Further examination of the available data seems to show that such .1 
hypothesis supplies some explanation of the epidemiological and setiological facts 
already noted In regard to the greater incidence 111 the years of greatest physical 
activity, the ages 10 to 20, and 20 to 30, an analogy with the deficiency diseases, 
beri-beri and pellagra may be noted, the incidence of which is highest among those 
whose work is hardest (McCarrison, 1921) The influence of excessive physical 
exertion in determining the attack of defiaency diseases has been noted by 
McCarrison who records tliat ‘ the onset of human beri-beri is often rendered 
acute, or tliat of hunger oedema sudden by excessive physical exertion ’ and he 
quotes others in support of the view that ‘ exposure to cold favours the on&et 
of scurvy, malnutritional oedemas and pellagra ’ As we have seen, exertion and 
wettings are often the immediate antecedents of lathyrism 

In regard to sex incidence, which is from 5 to 10 times greater in males 
than in females, appaiently only an esseiltial sex diffeience can explain it, for the 
women share equally in the work- of the fields and their diet differs in no way 
fioni that of the men 

McCarnson notes a different sex incidence in the deficiency diseases, ben-ben 
and war oedema, and in experimental polyneuritis columbarum and attributes 
this 111 part to ‘ different metabolism and endocrine action m the two sexes ’ 
No other explanation seems applicable to the markedly different sex incidence 
m lathyrism and the analogy is perhaps significant 

It has been shown in these notes that a common antecedent of lathyrism is 
an attack of malarial fever (which is often treated by ten days’ starvation, 
‘ Upas ’) or by dysentery, smallpox, or pneumonia 

While such may be regarded as conditions tending to lowenrig of the vitalit}', 
and as such sufficiently explained, from the point of view of dietary studies, 
they may perhaps be regarded as penods of vitamin depletion ivhich would hasten 
the appearance of a deficiency disease The six months of starvation after an 
insufficient ‘ kharif ’ crop which precedes the mass outbreak of lath}'rism in a 
famine }'ear, may perhaps be similarly construed 

In regard to a preponderance of the legume LatliV) us sativiis in the diet of a 
community suffering from lathyrism and its beanng on the subject under dis- 
cussion, we may recall views of recent workers in dietetics 

McCollum (1923) states that 'the protein molecule is a chain-like structure 
of ammo acids ’ and points out that ‘ the nutritive value of a protein depends 
on its yield of the indispensable ammo acids and the extent to which their 
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This IS emhoclicd in .i local kalmwat, a jihc ngainsl Kolar, winch iiins as 
tollows — 

* jE A’ ai andhar, chat htl, 

Blai chalc maihawal kul, 

Vc dckho Koiat kc <;huV 

‘One IS blind, another halt, and another lame with swaying hips, behold the 
troubles of Kotar * ’ 

Inqiiiiies showed that the particular form of ‘Andhar’ wa<; night-blindness, 
while the tilting and wriggling movement of the pelvis in lathyrism — ‘ matkawat 
]^i) » — IS considered a diagnostic feature of that disease 

M)' case notes show that in the diet of lathjrism cases in particular, as ir 
the diet of the population in gencial, there is a conspicnnus ahsence of the leafy 
vegetables, and of whole milk, ghee or dairy products containing hnllcr fat, which 
are believed to be the most plentiful sources in a well balanced vegetarian diet of 
fat soluble A, while in regard to Kotar it is seen that this community which 
suffers severely from lathyrism, also suffers from night blindness, an ewdcnce of 
the lack of fat-soluble A in its diet With tins may be contrasted "the state of 
affairs in the ‘ control ’ village of Amiriti, whose inhabitants grow' and cat as 
much matra as the average Hindu villagers do, but being Mohammedans they 
supplement their cereal ration with fish and flesh meat and substances containing 
a modicum of fat-soluble A This village has no lathyrism cases 

In Sind, which the writer subsequently visited on another inquiry, it appeals 
that Lathyrus saftvns is growm and eaten, but cases of lathyrism — known as 
‘ matar mandai ’ are very rare, and occur under exceptional conditions of scarcitj' 
The Sind villager grows and eats Lathyrus satrvns, but he also keeps herds of 
fine upstanding cattle and buffaloes, which give a plentiful yield of milk, w'hich is 
consumed by the owners, and they also grow and eat green vegetables in con- 
siderable quantities The conditions wdiich, with a lathyrus diet, are in Rew'a 
associated with tlie occurrence of lathynsm are absent in Sind I am indebted 
to Dr Shiveshwarkar, Assistant Director of Public Health, Sind Registration 
Distnet, for the opportunity of perusing his report on an outbreak of scurvy 
in a Sind jail where, m addition to the lack of vitamin C m tlie diet, the 
substitution of lathyrus dhal for the other more expensive legumes from which 
It had been prewously prepared, was associated with the appearance of symptoms 
of lathynsm This observation would also appear to mark an association of 
lathyrism with nutritional instability and avitaminosis, in this case of C 


ACTON’S AMINE THEORY 


It IS now for consideration what beaimg the observations have on tlie two 
theories of causafon which it has been the work of the writer to investigatrin 

In regard to Acton’s theory of the formation of a poisonous amine hv 

aZsTi92i'‘ r^n'To'’^ ffl!”' (A""". '922) were iiiatle m 

gust 1 e , in a period following the year 1920 wlion n-ie, i 

khanP crops had failed and the people were subsisting after elevrLTife of 

lA 
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Further experimental work, reproducing as far as possible in animals tile 
pre-lathyrism avitaminosis as seen in men, would, therefore, seem to be desirable 
If successful, the results of such work would yield deductions of considerable 
practical value 

Pending such confirmation, some practical preventive inferences seem, even 
now, to be warranted As Acton has pointed out (Acton, 1922), the ultimate 
causes of lathynsm are economic Its prevention turns on adnunistrative 
improvements aimed at reducing poverty, providing a better balanced diet, and 
preventing the exclusive use of lathyrus in years of deficient rainfall 

In Rewa, irrigation would prevent this dependence on rainfall, but as to 
whether a system of ‘ flow ’ irrigation, utilising the waters of the river Sone, 
IS a practical engmeenng proposition and one which is within the financial 
resources of the State, tlie writer is not competent to offer any opinion 

‘ Lift ’ irrigation from wells, using a water lift operated by bullocks — is a 
possibility which would similaily require technical consideration Its introduc- 
tion would presumably require capital for initial expenditure and maintenance, 
which the ‘ rayat ’ has not got, and the State would presumably have to finance 
it by loans 

An obvious requirement is an increase in tlie village roads and cart tracks 

This would make it worth while for the villager to grow more and better 
gram, whicli he could get away, and sell, and thus provide himself with better 
food and with some financial reserves to tide over a period of stress It would 
also enable the State to supply him with a gram not liable to produce lathynsm, 
when, in the absence of irrigation, famine relief measures are required in a year 
following a bad monsoon 

If tlie wnter’s views aie well founded that avitaminosis due to lack of me 
use of dairy products and green vegetables, is an essential factor in the produc- 
tion of lathynsm, then measures aimed at increasing the yield of milk by 
improving tlie breed of cattle and at encouraging the growth and use of vegetables, 
would be valuable in its prevention 

The prohibition of the cultivation of Lathyrus saUviis has been tried by 
State administrators in Bundelkhand, and Baghelkhand, following the example 
of European rulers of the 17th century (Stockman, 1917) 

It has been shown that this vetch is normally sown as a mixture with wheat 
or barley, etc , as an insurance against famine, and effective prohibition would 
leave the cultivator with nothing to eat in dry year when his wheat failed The 
order is usually evaded by a mixed sowing in which, it is claimed, the lathyrus is 
self-sown, as indeed much of it undoubtedly is 

Furthermore, this hardy and universally cultivated legume, some of which 
is present in every wheat-field m Rewa, doubtless serves a useful function in 
conserving the nitrogen of the soil m fields which are not manured and are 
continuously cropped, and it almost certainly serves a useful purpose for this 
reason if no other 

If not used m undue pioportions, it is a valuable food crop and in the 
opinion of tlie wnter, efforts should rather be made to obviate, by the measures 
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AKTA C0>J‘TAM1NATI0N THEORY 
It will be recalled that Anderson, Howard and Snnonsen (192S) observed 
that in 30 specimens of Kesan obtained from diffeicnt parts of India, the only 
foreign constituent common to all was the nai row leaved vetch, Vtcia saliva var 
august i folia, known in the vernacular as ‘ Akta 

Their chemical investigations showed that the seeds of L sativus contained 
no alk-aloid but the seeds of V saliva vai aiigustifolia were found to contain 
traces of two bases showing alkaloidal propcities, \iz, vicnic and divicme, and a 
cjanogetic glucoside, vicianin Divicine produced b} inoculation of guinea-pigs 
a ciiaracteristic fatal disease, and a senes of animal experiments indicated that 
m ducks and monkeys fed on Alrta the majority showed a definite syndrome 
somewhat resemblmg human lathyrism, although by no means entirel} similar to 
it — symptoms which were absent in ‘ controls ’ fed only on Kesan 

The possibility that lathyrism is due to the presence m commercial Kesan of 
the seeds of this contaminating weed was, therefore, examined in great detail m 
the course of tins investigation 

This weed which is known m Rewa as ‘ Akn ’ is a wild vetch which grows 
in moist soils It is to be found m most fields which surround a tank Some 
may be found in a moist corner of a wheat field at its lower end where a bandh 
has been tlirown up to retain in it the monsoon rains It is sometimes fairly 
plentiful m ‘ dumat ’ fields which grow rice during the ‘ kharif,’ and wheat, etc, 
during the ‘ rabi ’ season 

It is a true weed, and it is never seen in the drills in which the seed lias 
been sown through the ‘ nali,’ but in the soil between the furrows 

If the seed were a constantly present contamination of the han’^ested crop, it 
would be found also in the sowings, as no special pains are taken to purify the 
seed which is sown, which is identical with that consumed 

Its absence from the drills, which I was at pains lo verify by a careful 
study of a large number of growing wheat fields, shows its absence from the 
sown seed and seems to afford a reasonable presumption of its absence from the 
crop as It IS eaten 

Everywhere the villagers were emphatic that it is bitter unpalatable stuff 
which IS never eaten by man and that it is always" weeded out and used as cattle 
fodder They say that if a field contains an appreciable quantity of it, it must 
be carefully weeded out, else it will damage the crop and reduce its yield 

During February, I was everywhere able to see this work m progress and 

to mark the bundles of Akn being brought home as cattle fodder (Plate XL VI 
figs 8 and 9) ’ 


m . Tn the matra pods and 

t at they burst and scatter their seeds on the ground before the matra is 

han^ested and that little or none of the Akn which has not already been 
gathered for cattle fodder is mixed with a ‘ berra ’ or a matra harvest Matra 
IS usually grown as a mixed crop-a berra, and this mixed crop is usually passed 
' separate the more valuable wheat or barley from the^cheaner 

naatra The matra seeds being the larger, are retained by the mesh through wh^lb 
me wheat passes, and tos exptas why a very occasLal Teed me 



ExpiyANATioN OP Pirate XLIII 

Fig 1 Sepaiya, a crawler 

„ 2 Chi da, much adductor spasm and spastic equinus 
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Mr Howard for examinatiou as to the presence in tliem of Akri contamination 
In specimen No 1, which was the leavings at the bottom of a gram bin, to 
the bottom of which the small seeds of Akta and grams of earth, and other 
debris had found their way, 54 seeds suspected to he those of Akri were 
separated from a total of 4S9 of Kesari, not including seeds of other food 
grams The average weight of Kesari seeds to Akta seeds is about 5 5 to 1 and 
the proportions by weight of Kesari and Akta were therefore about 50 to 1. 
while the percentage by weight of Alcta in the mixture, which also contained 
barley and other food grams, was still lower In specimen No 3, also one of 
leavings, the proportion by weight of Akta to Kesan was about 111 to 1 and 
was considerably less m the total mixture 

It has been remarked that the weed is more abundant in ‘ dumat ’ fields 
which grow nee m the ‘ Idiarif ’ and are more moist than the wheat lands We-'c 
tins contamination the cause of lathyrism, one would expect the disease, with 
tlie weed, to be more common m nee lands than in wheat lands In Rewa 
I could find no evidence that this is the case, nor does it appear that the disease 
is more prevalent in the nee lands of the Gangetic plain than it is in the upland 
wheat lands of Rewa, where the weed is rare and the disease is common 

The villagers are emphatic m rejecting the suggestion that Akri is ever 
mixed with matra or that it is eaten m any appreciable quantity, and the opinion 
of those) who sow, grow, weed, reap, harvest, grind, bake, and eat their own 
gram is worthy of credence 

They clench the matter by pointing out that ‘ Akn grows onlj^ m moist 
fields and that m a famine year when lathyrism cases occur m great numbei =, 
the fields are all dry and no Akn grows how. then can it produce lathyrism 

Taking everything into consideration, therefore, I can find no confirmation 
of the theory tliat lathyrism is caused by a contamination of Lathy) us satwus bv 
the weed of Vxcva satwa 


DISCUSSION 


Having failed to find evidence that lathyrism is due to an amine formed by 
germination or to contamination of the gram by a poisonous weed, it remains to 
discuss what otlier possibilities of causation are suggested by this investigation 
Latliynsm is pre-eminently a famine year phenomenon, it is one of the 
pains and penalties of poverty and malnutrition, and the mechanism of lt^ 
production is as follows — 

In a year when monsoon rams fail, the ‘ kharif ’ crops on which the poorer 
classes depend for a varied and cheap variety of cereals are in defect, and the 
people are now ill-fed and half-starved The wheat and barley of the ‘ rabi ’ 
crops fail to germinate m the dry soil, only the lathyrus grows, which is harvested 
m Apnl, and the bulk of the population has to live chiefly on that and on 

such imported grams as they can obtain, of which lathyrus, being the cheapest 
IS tne most used ^ 


Three months of such a diet brings on an abundant crop of lathyrism cases 
begmnmg m July and continuing until the resumption of a better balanced 12 
m September and October .when the ‘khanf ’ crops become available if the 
suc«.d.ng „o.soon rams have been more bountiful I., a year of normal rmn fall 
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propoitions correspond to those existing m the body proteins which they arc 
transformed ’ In regard to legume proteins, lie is of the opinion that they 
peculiarities in their composition which make them of relative y ow va ue 
nutrition when they sei^^e as the sole source of protein in the diet, or when they 
are combined with the more important foodstuffs 

Ellis and Macleod (1922) state that 'pea protein is an unsatisfactory 
diet’ and they deduce from animal experiment that ‘pea protein contains 
something which is injurious in large amounts over long periods 

Elsewhere it is stated that ‘ legumes lack fat-soluble A, and the nuncra 
contents of a well-balanced diet ’ 

In regard to the influence of an unbalanced diet in determining the onset of 
the deficiency diseases, McCollum quoting Appleton and others, in regard to a 
coniiiiunity Imng in Labrador in a state of extreme nutritional instability, writes 
' small deviations m the constituents of a diet determine whether beri-beri, 
scurvy or ophthalmia appear ’ 

CONCLUSIONS AND DEDUCTIONS 


We have seen that — 

1 When the legume, Lathyrus sativus, predomuiales in the' diet, lathvnsm 
may result 

2 When the general population is suftenng from starvation and avita- 
" minosis in a famine year, lathyrism is more common than in norn’ial years, when 

these conditions are absent 


3 A community suffenng from lathyrism is also in a state of marked 
nutritional instability due to lack of the protective food substances, notably 

" those containing fat-soluble A 

4 In an area in which lathyrism is particularly preralent, the deficienc)' 
disease, ‘ night blindness,’ is also notoriously prevalent 

5 In a Mohammedan village using as much LatJiyiits sativu<: as their 
Hindu neighbours but supplementing their diet liy suljstances which tend to 
restore the dietary balance, lathyrism is unknown 

6 There are some sigmficanl resemblances in the retiology of the deficiency 
diseases and lathyrism 

It may tentatively be suggested for expenmental verification that lathyrism 
may be to some extent a deficiency disease whicli is produced in persons living 
m a state of nutritional instability on a diet noticeably lacking in vitamin A, 
by a prolonged ingestion of a legume, the ammo acids of whose proteins arc 
unsuitable as a diet and perhaps specially harmful, which is itself deficient m 
fat-soluble A 


In regard to such experimental work it may be noted that while epidemio- 
logical observations point to a prolonged period of avitaminosis being an essential 
factor m the production of lathyrism, experimental workers, Stockman (1917) 
Anderson, Howard and Simonsen (1925), were at some pains to ehmmntc 

Tli" ^ 'nfl«ence of avitaminosis on their expenmental animals 

The observahons cited in this report suggest that this failure 'to reproduce 
the conditions which attend the onset of lathyrism in man may have bc^n t^e 
cause of their lack of success m reproducing the disease in animaU 



Explanation or Platc XEV 
Fig 5 Adductor spasm and spastic equinus 
„ 6 Cross legged scissor gait due to adductor spasm 
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above outlined, its involuntary misuse by over-use, in preference to endeavouring 
to suppress it by legislation which cannot in the n.iturc of things, be obeyed 
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'Expwnation op Pmtp XlyIV 
Fig 3 Lall Mun, marked spasbc equinus 
„ 4 Spastic equinus and adductor spasm 
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The Flagellate form of Leishmania Donovani 


NNN tube was inoculated, but if there was sufficient a drop of mat'enal was 
placed into each of two or three tubes The tubes were kept for various penods, 
from 4 to 28 days, in an' incubator at about 25 °C Wlien the cultures were ready 
to be inoculated into mice, a drop from each tube was examined to ascertain that 
the culture was ‘ positive ’ and that it was not contaminated A note was usually 
made as to whether the culture was scanty, medium or rich, die number of flagel- 
lates usually varied according to the age of the culture The surface of the solid 
part of the medium was fecraped with a platinum loop and the whole fluid contents 
of the tube injected into the peritoneal cavity of the mouse 'If there were two 
or more culture tubes from one patient, these were not injected at the same time 
but at interv'als of about a week 

Bxamntaiion of the mice — The mice were kept for penods from three to four 
months, after which they were killed and examined The dead mouse was 
immersed in tincture of iodine ^ it was stretched on a board and opened with the 
aid of two sets of sterile scissiors and forceps, the first set being used for opening 
the abdomen and the second set for snipping off portions of the organs to be 
examined The contamination rate in Calcutta is very high and I found it better 
to add portions of the organs, spleen and liver, directly to the NNN medium 
than to crush them up with the aid of broken glass, as suggested by Chnstophers, 
Shortt and Barraud (1926) Four tubes were inoculated from each mouse and 
smears made from the liver and spleen The smears were examined immediately 
for leishmania, and the NNN tubes after 14 days’ incubation at 25°C 


Ths results obtained 

Twenty-two of the mice died within 3 months In six instances all the 
cultures were contaminated, mJ:hree of these the smears were ‘positive,’ but m 
the other three the smears were ‘ negative ’ and in these cases the mice have had 
to be considered as not infected Altogether forty-four mice were killed and 
exanuned , of these 14 had been inoculated with cultures of 6 days or less, 18 with 
cultures more than 6 days but less than 12 days, and 12 with cultures of more than 
12 days of age The accompanying table gives details of the 15 mice that became 
infected 

The mice that were examined can be arranged into three groups, as follows — 
14 mice injected with culture less than 6 days old, 3 infected 
18 mice injected with culture less than 12 days but more than 6 days old, 
7 infected 

12 mice injected with culture more than 12 days old, 5 infected 
In the last group three 28-day cultures did not give rise to infection 
Thus, in order to infect one mouse 4 67, 2 57 or 2 40 mice, according to the 
age, of the culture used, had to be inoculated 

Conclusions 

There is only one absolutely definite conclusion that can be drawn from these 
results, namely, that the early flagellate forms will give rise to infection in mice 
when injected intraperitoneally Only tentative conclusions can be drawn from 






Explanation op Platc XLVI 
Fig 7 Progression with bent knees due to flexor spasm 
Figs 8 and 9 Akn gatherers 
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Christophers, Shortt and Barraud (1926) carried out a number of 
infection expenments with leishmama cultures and white mice They found that 
cultures of more than 6 days old when injected intraperitoneally always caused 
infection, but that younger cultures did not cause infection In most instances m 
their series the mice received at least three injections at various intervals They 
injected the contents on one NNN culture tube on each occasion irrespective of 
whether the tube contained scanty young forms or numerous old forms, so that 
there were two variables both of which had to be taken into consideration , a con- 
clusion that the young forms of tlie flagellate were not infective was not justifiable 
I felt that It was worth while repeating these experiments on slightly different 
lines, giving single injections only, and the senes of expenments reported below 
were undertaken In the meanwhile, Shortt, Craighead, Khazan Chand and 
Swaminatli (1926) were carrying out further expenments to clear up the ambi- 
guity and when they reported their results, I felt that it was scarcely worth while 
continuing my senes The original intention had been to inoculate at least 
100 mice, but only 66 had been inoculated up to that time My results are perhaps 
worth recording, especially as the experiments were carried out on slightly different 
hues from those of other wiorkers, but, as they are to a certain extent only com- 
plementary to those already reported by Shortt and his colleagues, they are 
reported as bnefly as possible ’ 


Details op the Experiments 

The imcc-The mce were white, brown, or brtwn and white, bred from a 
oftocukTon three-quarter grown at the time 

The cidfures —These were obtained from spleen puncture mat^n^i f 
pahents suffenng tam^kala-azar If Me „at=nal obtamrf "rty "T 
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protracted for a further 17 days in the case of the animals recemng milk in 
addition to the oatmeal diet, the survivors on this regimen (15) were killed by 
drowning on the 167th day All annuals were subjected to post-mortem 
examination 


Rcsui^ts 0? THE Experiment 

The results of the experiment are given m the accompanying Table They 
may be summarized as follows — 

The animals fed an the oatmeal diet tvithoiit milk grew badly, all died 
within periods ranging from 66 to 150 days Nine (50 per cent) were found at 
post-mortem examination to have formed stones or gravel or lioth m the bladder, 
usually with, but m one case (686) without cystitis Cystitis was present in one 
case (696) without associated stone or gravel The sequelm of calculus — dilated 
ureter, hydronephrosis and pyonephrosis — were not present in any case m this 
series, nor was stone found m the ureter or kidney In one animal (699) a 
large grey- white, pear-shaped, fibimous mass was present m the bladder, the thin 
end being drawn out into a fine thread which extended into the urethra, this 
condition was associated with hcematuria Bloody urine was passed by two other 
animals (697, 698) m one of which cystitis was present m association with a 
number of minute stones (gravel) The three animals, m which haematuria was 
obsen'ed prior to death, w^ere found at post-mortem examination to have suffered - 
fnoni a severe anasmia, associated woth a leinon-yellow^ tinting of the skin and 
subcutaneous tissues Three of tlie 18 rats in tins group died of pneumonia, in 
three others no cause of death could be found except asthenia 

The animals fed on the oatmeal diet with milk grew w'ell as a rule, though 
some better than others , this w'as no doubt due to the fact that some of them 
secured more of the milk ration Two died of pneumonia, and one of an unknown 
cause The other 15 remained m good health Neither stone-ni-the-bladder 
nor gravel nor cystitis nor any abnormality of the urinary tract was found at 
post-mortem examination m any of these 18 animals 

% 

Conclusion 

The addition of whole nnlk, m the proportion of two-thirds of an ounce 
per rat daily, to a diet capable of .causing urolithiasis in 50 per cent of young 
rats completely prevented the development of phosphatic calculi 

0 
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Serial number 
of mouse 

Age of culture 
in days 

Interval after 

Result or Evajiination 

examined, in 
inontlis 
/ 

Smears 

Cultures 

7 

10 

4 

Lcishmania 

Leishmama 

8 

10 

* 

4 

it 

Contaminated 

20 

18 

4 

>» 

Lcishmania 

21 

11 

34 

No parasites 


22 

5 

4 

Lcishmania 

if 

1 

25 

11 

4 "" 

n 

it 

27 

10 

1 

,, 

it 

30 

22 

34 

No parasites 

it 

34 

9 

34 

Leishmama 

Contaminated 

37 

14 

3 

it 

Lcishmania 

43 

4 

34 

No parasites 


48 

18 

3 

Leishmama 

it 

52 

17 

34 

No parasites 

ft 

59 

5 

4 

Leishmama 

Contaminated 

62 

10 

4 

ti 

Leishmama 


a comparison of the anfection rates of the various groups as each group only 
contained such -a small number of mice , these tentative conclusions are as follows — 
That the eaily cultures m which the flagellates are scanty give rise to infection 
less readily than the older, ncher cultures 

That after 12 days or so there is little increase in the-infectivity of a culture 
That, as the parasites m the 12-day cultures are many times more numerous 
than those in the 5-day cultures and the infectivity of the former is only about 
twice that of the latter, the younger flagellate forms are actually more infective 
than the older ones 

That there is a decrease m the infectivity of the individual flagellate after it 
has reached some age between 12 and 28 days 
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Trichomonas found in Cohihnne Snake. 


m unison The fourth free flagellum arises from the same site but passes back- 
wards and laterally, close to, but not attached to the undulating membrane, from 
which it is quite distinct 

Wenyon (1926, p 669) has recoided the finding of a Trichomonas witli three 
antenor flagella in the gut of an Indian python, but the present variety (or sub- 
species) with a fourth antero-lateral flagellum appears to be new 

My thanks are due to Major R Knowles, i m s , Professor of Protozoology, 
Calcutta School of Tropical Medicine for much kindly help and advice 
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In previous reports (1) (2) the experimental production of stone-in-tlie- 
bladder in rats was recorded The composition of the calculus-producing diet 
was as follows — 

Tinned Scotch oatmeal or atta (whole wheat flour) 53 parts 
Linseed meal 20 

Tinned cornflour 25 

Sodium chlonde j 

Calcium phosphate 2 

Distilled water 

The present report deals with the prevention of stone-m-the-bladder m rats 
fed on an oatmeal diet ’ of the above composition 

Thr Expbrim^nt 

we "’mt 7" 9 ‘malt'a7 9 tf T‘' 

groi,p The bodywe^ht of the males ranged from 50 to 58 gramma of “he 
females from 46 to 52 grammes, all were of approximately the samrSe T w 
36 animals were confined m 12 preciselv similar ^ 

3 females in each All were fed on the oatmeal diet^ A ^ 

to eat as much as they hked o“ 7o„p "ce L 7 

to the oatmeal diet, the other did not A ration of 2 "" 

for the three rats m each cage Lme “ecuL m„ ,7 °'i“'"' 

ration The average consumption of milk p raTdL 

ounce was two-thirds of an 

The expenment was continued until the dpntl-i c u 
oatmeal diet without milk, the lasUwo animals dying on IhrSli day™?fwas 
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Effects of Aiihmony Salts 


of which there are several on the market The inorganic salts are slower in their 
effect and are not so effective, but they are at present infinitely cheaper and are 
therefore more commonly used The organic salts are more effective but more 
expensive and some of them deteriorate on keeping 

We deaded, therefore, to test samples from each group m the first instance 
We chose, therefore, sodium antimony tartrate from the first group and (1) the 
most commonly used organic salt of antimony ‘ U ’ as well as (2) an organic 
compound ‘ X ’ which we had found effective in curing kala-azar tliough not as 
effective as ‘ U,’ but which had proved noii'irritant or only slightly irritant when 
injected under the skin of animals and a baby 14 months old suffering from kala- 
azar This point was essential as we wished to use white mice m large numbers 
for the second experiment and they had to be injected every second day 

In the first experiment rabbits, each over 4 lbs m weight, were used and 
females only experimented on We should have liked to have carried out all 
our experiments on rabbits as the drugs could be and were administered intra- 
venously, but the impossibility of sparing a sufficient number of large breeding 
does at a Pasteur Institute m India made it impossible We, therefore, had to 
select anotlier animal We were unable to use gumea-pigs as their long gestation 
period, three months, put them out of count We, therefore, selected English 
white mice whose gestation period, three weeks, and their extremely numerous 
progeny made them a very suitable animal The only trouble with these annuals 
was the practical impossibility of' injecting them every second day intravenously 
and the impossibility of mapng them on known dates We, therefore, gave tlieni 
the organic salt of antimony ‘ X ’ hypodermically and judged the result on the 
actual number of young born This result we divided into two divisions 

(а) Young born during the first three weeks, le, m which the pregnancy 

had started before the antimony salt had been administered 

(h) Young born after three weeks, i e , in which tlie pregnancy started after 
the treatment witli antimony salt had commenced 

With regard to this experiment. No 2, on white mice tlie following groups 
were made 

(1) 10 females and 2 males, only the females being injected 

(2) 10 females and 2 males, only the females being injected 

(3) 10 females and 2 males, only the males being injected 

(4) 10 females and 2 males, both females and males being injected 

(5) 10 females and 2 males, both females and males being injected 

Controls 

(б) 10 females and 2 males, injected every other day ivith 1 c c normal 

saline 

This experiment was carried out to exclude the factor of disturbance of 
the animal preventing pregnancy or causing abortions 

(7) 10 females and 2 males, not injected with anything 

(8) 10 females and 2 males, ditto but only observed for 30 days instead of 

60 days 

(9) 10 females and no males, not injected with anything but just kept to 

prove that no births occur after three weeks if males are excluded 
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In the middle of last April a small colubrme snake was captured in the vicinity 
of the School, and was brought m for identification It was identified bv 
Lieutenant-Colonel H W Acton, i m s , as a young Ahlahc<; calaniaita It m'i 
then chloroformed and the gut contents examined for protozoa 

The gut was practically empty m its whole extent, so some of the mucoid 
inaterial was scrapped from the gut wall, emulsified in saline, examined under the 
microscope, and inoculated into Row’s hsemoglobin-saline medium The culture^ 
were placed m the ice chest (temperature 16 to 20°C ) No protozoa were seen 
m the direct smear 

Three days after inoculation the ailtures were examined and showed a few 
tnchomonads and very scanty Bodo A few days later the cultures iverc found 
to contain a very large number of flagellates, the tnchomonads predominating 
Possibly the Bodo had been suppressed by the low temperature of incubation 
In addition to Row’s medium, four other media w'ere tried for subculture, 
VIZ , Lynch’s serum-salme medium, Boeck and Drbohlav’s medium, weak broth, 
and Locke’s solution with egg albumin In none of these media, how^eiTr, was 
growth as satisfactory as in Row’s medium this fact I have also noted previously 
when cultivating Trichomonas of man Trichomonas homiius appears to grow 
best at 37‘’C , but at this temperature bacterial growth is also heavy, and sub- 
cultures have to be made at intervals of hvo to three days to keep the Trichomonas 
strain going 


To study the morphology of the Tnchomonas from the snake, smears were 
prepared and fixed in the wet state over osmic acid, and then stained by Shortt’s 
technique with Giemsa’s stain, as for Leishmania cultures A careful examination 
of the smears, and also of the cultures under the dark ground, showed that the 
organism possessed four free flagella. The microphotograph was taken from a 
stained slide A group of three intertwined flagella arise anteriorly and pulsate 
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Plate XLVII 
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During the course of the treatment of a large number of cases of kala-azar 
at the Pasteur Institute and Medical Research Institute Hospital, Assam, by one 
of us witli various salts of antimony, it struck us that theie did not appear to be 
very much experimental work done of late 3 'ears on tlie effect of antimony salts, 
given intravenously or hypodermically, on the vanous organs of the body itself 
Considering the highly poisonous nature of these salts this seemed to us a mistake 
A large number of experiments have undoubtedly been carried out to prove 
whether these drugs actually cause -death to the animals they are injected into and 
what is the inimmal lethal dose per body weight of the animal, but as regards 
their more remote effects on the body we were unable to find any recent references 
Our determination to investigate this question was stimulated by the enquiries of 
some of the patients and their friends whether antimony salts caused sterility or 
abortion and by the obvious implication that they thought it had some such effect 
The Director of Public Health, Assam, also informed one of us that during his 
tours of the Kala-azar Treatment Centres under his jurisdiction this suggestion 
had been made 

The importance of this question cannot be too strongly emphasised when 
figures show that over 60,000 patients were treated with antimony salts for kala- 
azar in Assam dunng the year 1925-26 and over 100,000 patients m Bengal ' ' 
The salts of antimony now used for the treatment of kala-azar on a large 
scale m India can be divided into two groups-the inorganic salts of antimony of 
which sodium antimony tartrate is used almost exclusively and the organic salts 
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The Effect of Kala-aza) on Lepiosp 


well to enquire first whether there are any other diseases or conditions which have 
the same effect It is found that almost any prolonged febrile condition, such as 
malaria, enteiic, small-pox, staphylococcal or streptococcal infection, acts m a 
similar way The injection of foreign material into the body such as turpentine, 
proteins, ^etc , if it causes febrile reaction, tends to be of benefit and in i 
degree largely corresponding to the height and the length of the febrile condition 
This IS onl} true, however, in cases m which there aie very large numbers of lepra 
bacilli 111 the body, the reverse being the case if the numbers of bacilli are few 

Three explanations have been put forward as to the cause of the above — 

(1) That the heightened temperature only prevents the growth of B lepicc 
This does not provide an adequate explanation, as many of the bacilli become very 
rapidly granular after the rise of temperature occurs, thus showing degeneration 
or death 

(2) Another suggestion is that the febrile condition acts directly on the baalh 
causing their destruction This, however, is negatived, as m early cases of leprosy 
when the bacilli are few in number, instead of being destroyed, they increase 
rapidly in numbers during the febrile condition or immediately after it subsides 

(3) It has been shown already that the improvement caused in leprosy by 
kala-azar is accompanied by the breaking down of B lepra There are three 
other signs, however, which aie present but have not been mentioned — 

(o) The swelling up and reddening of existing lesions 

(b) The formation of fresh lesions in the form of rose-coloured nodules 

(c) Fever, which is superadded to the fever which has caused the reaction 

The swelling of existing lesions shows that lepra bacilli, living or dead, or 
their products, have come m contact with the surrounding tissues tlie formation 
of fresh nodular lesions m different parts of the body shows that lepra bacilli have 
been set free m the blood-stream and carried to end capillaries in the skin the 
fever shows that certain bacillaiy products have been set free m the blood-stream 
and have caused a febrile reaction probably of an allergic nature Whatever 
happens, therefore, when kala-azar and other febrile conditions cause the break-up 
and destruction of the leprous granuloma, it is evident that large numbers of bacilli, 
which had been isolated from the surrounding tissues, suddenly come m contact 
with these tissues, many of the bacilli reach the blood-stieam and a certain amount 
of their products capable of causing fever is set free 

The nearest analogy is to be found m what takes place m the ague phase of 
benign tertian or quartan malaria In jnalaria a* parasite enters a cell, but is so 
non-toxic tliat it does not destroy by its secretions the cell it has entered , it multi- 
plies inside that cell and then bursts, partly due to its own ripeness and, possibly, 
partly due to the explosion-producing power of the fever caused by the bursting 
of other similai cells it then sets free fever-inducing products, and the freed 
parasites either settle down m new cells or are destroyed, according to the presence 
or absence of certain factors In leprosy we have the lepra cell, which differs 
from the malaria-infested red cell m belonging to the solid and not to the liquid 
tissues this cell comes to contain Icpia bacilli which multiply inside it without 
secreting any substance which can destroy it The cell is destroyed in the end as 
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Number (1) group was further observed for 40 days after cessation of the 
organic antimony compound ' X ’ injections During this period the seven 
remaining females gave birth to five young 

As regards the first experiment on rabbits this was divided into two divisions 

(A) those rabbits injected intravenously with sodium antimony tartrate, 

(B) those rabbits injected intravenously with the organic antimony com- 

pound ‘ U ’ 

The results of these experiments are set out in the two tables attached 

We recognise that the number of experiments is small and that the results 
are not therefore absolutely decisive and the time at our disposal, three months, 
was not sufficient, but we considered our results were sufficiently striking to jnit 
forward so that other workers interested in the same problem might be encour- 
aged to further investigate this subject 

Our conclusions from these experiments were 

(1) there is definite evidence to show that salts of antimonj^ do cause 

damage to female animals while they are receiving these periodic 
injections That this damage shows itself in either 

(a) failure of conception, 

(b) abortion, 

(c) damage to the foetus, 
generally m all three ways 

(2) This mjurjf appears to pass off very lapidly after the injections of 

antimony are stopped 

(3) There is not sufficient evidence m our experiments to show that antimony 

salts have any effect m causing sterility in males 



502 Sodiimi Hydnocat pate m Leprosy 

section IS shown in the photomicrograph (Plate XLVIII, fig 1) The intima 
has proliferated and caused considerable swelling which increases the size 
of the vein and by bulging into the lumen causes obliteration At times the vein 
may be obliterated at various points while the lumen between is filled with 
blood, either clotted or grumous Later tbe vein is reduced to a thin, fibrous 
chord and then disappears When sodium hjdnocarpate is given subcutane- 
ously much pain is caused 

Many attempts have been made to overcome this difficulty and lately 
under the instructions of Sir Leonard Rogers a sodium salt has been prepared 
from the low melting-point fatty acids of hydnocarpus oil which is verj^ 
much less irritating and can be given m a one per cent solution either sub- 
cutaneously or intravenously As Sir Leonard Rogers points out small doses 
often produce the required reaction and m many cases the small dose necessary 
to cause such a reaction, and therefore the maximum advisable dose, can be 
continued for a long time without blocking of veins when given intravenously 
or without pain when injected subcutaneously 

It IS, however, often advisable to give large doses and to use a solution 
stronger than one per cent as in the following arcumstances — 

(o) In early cases in which there are only one or two anassthetic patches 
In such cases much more rapid improvement may be hoped for with large 
dosca 

(&) In any cases m which careful treatment has caused improvement of 
the general health, in whicli the muscles are firm and well-developed and the 
general resistance high Reactions are difficult to produce in such cases 
but more rapid impiovement is produced b)’’ large doses 

(c) In cases in which tliere are very large numbers of bacilli in the 
skin In such cases large doses will produce marked reactions and the 
bieakmg down of leprous tissue which appears to' induce a high degree of 
temporary immunity and in many cases causes the rapid destruction of bacilli 
and marked improvement of the condition of the patient, and that even though 
the general health of the patient may not be very good at the time 

If It is conceded that a water-soluble preparation like sodium hydnocar- 
pate IS the ideal preparation for the administration of hydnocarpus oil, it is 
very important that a method of giving large doses of it painlessly should be 
discovered 

We believe that we have to a large extent succeeded in doing this by a 
very simple device A 20 c c syringe (with central nozzle) is used with a 
sharp needle of fairly large bore A 2 per cent solution of sodium hydnocar- 
pate prepared from the whole oil is used The dose to be administered, 2 
to 8 c c , IS placed in the syringe after sterilising it by sucking up and evacua- 
ting oil at a temperature of 130'^ centigrade 3 or 4 times A rubber band is 
passed round the arm which is held out at right angles to the body 

A prominent vein is pierced by the needle and blood varying from an equal 
quantity to double the amount of the solution to be administered, is sucked up into 
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So many remedies for leprosy are put forward nowadays that it may be 
useful to mention our experience of the effect of kala-azar in leprosy For, 
although kala-azar is a debilitating disease, yet in the third stage of leprosy 
(B3 cases) m which the skin is loaded with lepra cells full of bacilli it produces 
a very marked and rapid impror ement in the leprous condition 

Kala-azar has evidently been endemic in the Albert Victor Leper Hospital, 
Cobra, Calcutta, for some considerable time During the six years that I have 
been associated with it we have diagnosed no less than 16 cases among the inmates 
In five of these cases the diagnosis was made by finding the parasites m spleen 
puncture smears and in 14 cases the ‘ aldehyde test ’ was found strongly positive 
One typical case was only diagnosed clinically Of the 16 cases 3 died, one of 
them of tuberculosis and two of septicaemia who had previous to the kala-azar 
been in a very bad condition The other 13 cases recovered from kala-azar under 
treatment and m every one of them there was a marked improvement in their 
leprosy Leprous lesions either entirely disappeared or were very much reduced 
in size, lepra bacilli became granular In short the patients invariably improved 
both clinically and histologically So stnkmg was the improvement that volunteers 
from among the leper patients came forward offering themselves for inoculation 
with kala-azar 


In contrast to the above cases must be mentioned 5 early cases m which 
leprosy appeared during the latter part of treatment for kala-azar As long as 
the fever lasted there were no signs of the former disease, but once the fever had 
disappeared signs of leprosy began to show themselves In three of these case-, 
there were marks showing that slight leprous lesions had been present before and 
had been lit up by the lowered general resistance resulting from the kala-azai 
Diicusswn —In seeking to interpret the phenomenon of the breaking up and 
destniction of leprous granulomatous tissue under the influence,of kala-azar it is 
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m malaria by mere mechanical pressure from witbm It reaches the bursting 
point and m the ordmar^f course a few lepra cells burst from time to time without 
causing any noticeable reaction But a rise of temperature has the effect of 
causing the simultaneous bursting of large numbers of lepra cells, and their bacillary 
contents are brought into contact u ith the surrounding tissues , some bacilh are set 
free in the blood-stream and a febrile reaction is caused, which m turn may cause 
still further bursting of other lepra cells, which, meantime, have reached maturity 
or required greater or more prolonged fever to cause their rupture 

If we accept the above theory as to what happens when sonie factor such as 
the fever of kala-azar causes a leprous reaction, we have still to explain why in 
the earlier stage of leprosy this febrile disease should be followed by an increase 
of the symptoms of leprosy, while in the third stage, when leprosy is at its zenith, 
it IS accompanied by rapid elimination of that infection from the body Here 
probably the analogy between leprosy and malaria ceases, for we are dealihg not 
with a protozoal disease like the latter, but with a bacterial disease, which is 
capable of inducing immumtv, though it may be tardily 

What happens then when a reaction is produced in the third stage of lepros) 
is that very large numbers of bacilli are brought in contact with the tissues of the 
body by the bursting of lepra cells, and a high degree of special immunity is induced 
thereby, with the result that bacilli are destroyed by phagocytes which invade the 
granuloma, and bacilli which are carried to other parts of the body m the blood 
stream are also destroyed It is noticed that in such cases the fresh, rose-coloured 
nodules which appear, disappear again in a few days In the first and second stages, 
however, when bacilli are comparatively few in number, although a certain number 
of them are brought in contact with the tissues of the body, a sufficient amount 
of immunity is not induced to cause destruction of bacilli , hence the B leprcr, when 
freed from cells, form fresh colonies and the disease eivtends This is helped 
still further by the lowered resistance which is caused by kala-azar or other diseases 

The immunity of leprosy appears to be caused tardily by the setting free of 
very large numbers of B Idprcc, and it tends to die down again to a certain extent 
if the supply of freed bacilli is not kept up, although a smaller amount of immunity 
persists for a very long time 

Although the above theory is set forth as being apparently the only possible 
one, it IS admitted that it is difficult to prove immunity in leprosy directly by sero- 
logical methods so long as it is not possible to culture the causal organism 
in vitro 


We may state, therefore, that the effect of kala-azar in leprosy is to cause auto- 
vacanation of the patient, a process which may be dangerous or harmful in the 
earlier stages, but is decidedly beneficial as far as the treatment of leprosy is 
concerned m the third stage of typical skin cases 
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Sodium Hydnocarpate in Leptosy 


gives an idea of the relative hemolytic power of these oils diluted in different 
strengths with normal saline — 


DtlnHon 

Sodium salt of oil of H wighttana 

„ H wtghUona (B & W ) 

„ H alptna 

I, H anthelmmttca 

„ hnsccd 

„ olive 


1-3000 1-5000 1-6000 1—7000 1-8000 


+ + 
+ 
+ 
+ 

-f + 


■f' 

+ 


+ 

+ 


+ 

+ 


+ 

+ 


+ 


+ 

+ 


+ 


+ + = immediate haemolysis 

+ = delayed haemolysis 


'i’his experiment suggested that, seeing the haemolytic power of sodium 
hydnocarpate alpma and anthelmintica was considerably less than that of other 
soap solutions, these salts might have a lesser vein-blocking power than the 
corresponding salts of H wightiana This was found to be the case with sodium 
hydnocarpus alpma, as a 2 per cent solution was administered, without mixing 
with blood, in doses rising from 4 to 10 c c , 10 injections being given into one 
point of the same vein before blocking occurred H avthchmnhca was also found 
to have considerably less vem-blocking power H zvightmna though not as little 
as H alptna 

While the sodium salts of H alpma and H anihebmnitea are, therefore, pre- 
ferable to those of H wighUana when the solution is given directly into the vein 
without mixing with blood, the latter salt can be given with equal facility and for 
as long a jieriod as is necessary when mixed with blood as described above 

Our usual routine at present in Calcutta is to give injections of pure 
H wightuina oil in gradually inci easing doses up to 10 c c by the infiltration 
method and then to give sodium hydnocarpate intravenously in a 2 per cent 
solution by the blood-mixing method Given in this wa}' the drug may be continued 
for a considerable period We seldom find it expedient to go beyond 8 cc of a 
2 per cent solution as higher doses are apt to cause a feeling of giddiness 
Because of the haemolytic power of sodium hydnocarpate solution, however, it is 
- well to substitute the subcutaneous infiltration of the oil with creosote again from 
time to time 


Summary 

1 While the intravenous injection of sodium hydnocarpate may be ad- 
mitted as the most effective means of administering hydnocarpus preparations, 
the blocking of veins has hitherto interfered with prolonged administration in 
this way 

2 The sodium salts derived from a special fraction of W wightiana and 
also the sodium salts of H antheUntnhea and alpma block the veins less than the 
salts from the whole H tvighttuna oil 

3 A new metliod of mixing the salts prepared from the whole oil of 
H tvigJihana with blood before injection has reduced vein-blocking to a much 
more marked extent ■■ 
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Hydnocarpus (Chaulmoogra) oil has been used for many centuries m 
India in the treatment of leprosy The original methods of administration 
were oral and by inunction In 1913 Heisser reported good results with intra- 
muscular injection of the oil (Mercardo’s formula) But a very distinct 
advance was made when Sir Leonard Rogers introduced the intravenous 
injection of sodium hydnocarpate in 1915 It stands to reason that a water- 
soluble preparation should furnish the most effective method of administra- 
tion The difficulty, however, was that sodium hydnocarpate verji- quickl}’’ 
caused blocking of the veins so that the ticatment had to be suspended for 
want of superficial veins to inject it into ' 

The cause of this vein-blocking was an endophlebitis of the injected veins, 
often 5 or 6 inches of the vessel beyond the site of injection becoming im- 
pervious The changes which take place in a vein when injected with sodium 
hydnocarpate are immediate and delayed -r- 

(a) The immediate signs are not always present, but, when they are, 
there is pain along the vein proximal to the point of injection for about 
3 to 6 inches and the vessel stands out as a hard cord Both of these 
effects pass off more or less after 10 or 20 minutes though a certain amount 
of hardness and a dull aching pain may persist In other cases there is no 
immediate hardening of the nerve but considerable pain comes on and may 
last for several hours 

(b) The delayed effect-; show themselves clinically as a thickening and 
hardening of the vein and obstruction of its lumen The appearance on 

( 601 ) 
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The Iodide-Antimony Tieatment of Leprosy. 


3 Fever, not always present 

4 Marked acceleration of blood sedimentation 

5 Apparent granulation of lepra bacilli in lesions 

If rose-coloured nodules appear and disappear again in a few days the 
physician can press the treatment with some assurance, as the disappearance 
is a sign of immunity and when this is present the breaking up of granulo- 
matous {issue and setting free of bacilli in the general circulation will not 
cause further dissemination of active disease but a gradual healing up of 
lesions 

This treatment is suitable for all the stages and types of leprosy In 
early cases the first sign of reaction produced by small doses may be the 
acceleration of blood sedimentation In many, however, larger doses produce 
other signs such as the swelling up of affected nerves and induction of pain 
and tenderness in them 

In the second and third stages m which lepromatous tissue is abundant even 
the smallest doses produce all the five signs of reaction, though occasionally 
fever is absent entirely or during some of the reactions In such cases, as 
the leprous tissue clears up under potassium iodide, the sedimentation gradu- 
ally becomes retarded and the geneial condition of the patient improves The 
patient has by this time reached a condition in which a comparatively large 
dose of potassium iodide (20 to 30 grams) is required to produce a reaction 
At this stage it is well to g^ve the drug once or twice a week in a dose 
sufficient to cause a moderate crop of nodules and a temperature rise of 2 to 
4 degrees lasting for 24 to 48 hours Such a reaction, when induced only 
once or twice a week, is generally tolerated by the patient The treatment 
IS continued until very large doses, 180 to 240 grains, can be administered 
without causing reaction and this massive dose is continued for some months 

As severe and prolonged reactions may be caused by potassium iodide it 
is important that we should have means of controlling such The salts of 
several of the heavy metals have this effect We have found that potassium 
antimony tartrate, given in small doses of 01)2 gram intravteihously every 
second day, will control reactions and that adrenaline, 3 minims of the 1-1,000 
solution (P D & Co ) in 30 minims of saline given subcutaneously or intra- 
muscularly, causes immediate cessation of nerve pains 

POSOLOGY 

1 Begin with 1 grain of potassium iodide a day and increase the dose 
daily by one gram until there is a rise of temperature to more than 99 ° 
or till there is swelling and redness of the lesions in the skin This is a 
safe rule, but with experience it is possible to begin with a larger dose m 
early cases and to increase it more rapidly 

2 When the temperature has become less than 99 ° and the sivelling 
has begun to diminish, continue the iodide gi\ing the same dose as produced 
the fever and swelling Only give it now once or twice a week and not 
daily 
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the syringe, which is held horizontally (Plate XLVIII, fig 2) The specific gravity 
of the sodium hydnocarpate solution being less than that of blood, the former rises 
to the top and the latter falls to the bottom The blood may either be allowed to 
force itself into the syringe by its own pressure or the piston may be gently pulled 
out by hand When tlie nght quantity of blood has entered the syringe and with- 
out withdrawing the needle from the vein, the syringe, which is still held horizontal, 
IS rotated in its long axis through 180° The blood and solution which ad- 
here to a certain extent to the barrel of the syringe reverse their relative positions 
and the solution passes for a second under the blood It very soon, however, tends 
to rise to the top and in doing so mixes with the blood After a few seconds the 
syringe is rotated back again m the opposite direction to its original position If 
necessary this process may be repeated In this way the mixing is rendered com- 
plete While the mixing has been going on blood has still been slowly entering the 
S3mnge and one is thereby assured that the point of the needle is still in tire lumen 
of the vein The band is then lemoved from the arm and the piston is graduallj 
pressed home The solution has the effect of preventing the coagulation of the 
blood and tlrough we have administered the drug m this way thousands of times 
we have never yet noticed clotting, nor has any untoward symptom occurred which 
might be due to injection of clots We have given 3 per cent sodium h3'^dnocarpate 
solution in this way 10 or 12 times and large doses of a 2 per cent solution over 
30 times into the same point in the same vein without anj'^ blocking of the vein 
occurnng 

To test the irritating power of sodium hydnocarpate prepared from the whole 
fatty aads and given m this way with that of the special fraction prepared by 
Messrs Burroughs Wellcome- & Co referred to above, the following experiment 
was earned out A vein was chosen at the bend of the elbow and repeated injec- 
tions of a 1 per cent solution of the fractional salt were given in the usual 
manner without mixing it with blood At the time a similar quantity of a 
2 per cent solution of the salt, prepared from tlie fatty acids of the whole oil 
was given into the corresponding vein of the other arm, the solution being mixed 
with blood as desenbed above It was found that whereas injections of the 
weaker solution of the less irntating salt blocked the vein, m not one case were 
the vans blocked by the blood-mixed solution It was also found tliat if instead 
of injecting the blood-sodium hydnocarpate mixture into tlie vein it was injected 
subcutaneously, no irritation was caused although the same solution without blood 
or serum was very irritating 


Another possibility which occurred to us was that though vem-blocknng is 
caused by the sodium salts of Hydndcarpus wightiana oil the salts prepared from 
the oils of other hydnocarpus species might Hot have this property to such an 
extent This possibility was also suggested by the fact that the salts of tlie oils 
derived from two other species of Hydnocarpus (H anthehmiUica and H alpwa) 
have less hemolytic power than those derived from H wightiana oil Sodium 
hydnocarpate like the sodium salts of other oils is highly haemolytic This is not 
due to their being alkaline as no haemolysis occurred m solutions of NaOH which 
were considerably more alkaline than the soap solutions The following table 
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The Iodide- Antimony Treatment of Leprosy 


other signs of reaction Doses increasing from 30 to 240 grains should be 
given to adults and proportionate doses to children 

Another important diagnostic use is m cases which have been under 
treatment with other remedies and in which all apparent signs have disap- 
peared A patient should never be discharged as relatively or possibly cured 
until he has stood the test of massive doses of potassium iodide without showing 
any signs of reaction, as it has the power of searching out the disease wherever 
it may be in the body and showing it up 

So far there has been no drug available m leprosy with any prophylactic 
power There is reason to believe that the occasional administration of 
iodides, in moderate doses working up to massive ones, to contacts and to 
those who have to work in leprosy institutions may be found useful in this 
respect 

It is difficult to say in what way potassium iodide causes breaking down 
of leprous tissue with consequent reactions The action is apparently not a 
direct attack on the lepra bacillus nor is it to any extent a stimulation of 
cells of the body to attack the causal organism What probably happens is 
that in some way or other potassium iodide has the effect of removing the 
protective mechanism which shuts off the bacilli from the tissues 
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4 Alternation of intravenous sodium hydnocarpate with subcutaneous infil- 
tration of hydnocarpus oil with creosote is advised-chiefly because of the haemolytic 
effect of the former preparation 


Rogers, L 
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Note on Four Species of jinopheles Larvae 


the pharynx arise from the head capsule Very often the three antenor dark 
spots just behind dhe bases of the frontal hairs are enveloped in a cloud forming 
a broad band of dark pigment in the middle of the head 

Clypeal Hatrs ('Plate XLIX, fig 1) the iwiei anterior clypeals (I A C ) are 
about 222 mm long , separated at their base by a distance equal to about one-third 
of the anterior width of the head They bear a large number of fine hairs with 
a pinnate distnbution* along the distal three-fourth of their length The outer 
antenor clypeals {0 A C ) are about two-thirds the length of the inner anteriors 
They are branched in the distal half, bearing on each side from 5 to 8 branches 
which arise regularly from the shaft The proximal branches are longer than 
the distal ones The posterior clypeal hairs (PC) are about half the length of 
the outer anterior hairs and divide near the base into 2 to 4 branches which often 
reach beyond the bases of the inner antenor hairs The six frontal hairs are 
long, beanng on each side 8 to 12 rather long branches The inner occipital hati 
is about as long as the outer anterior clypeal and is simple, while the outer is 
branched from its base into 3 to 5 branches 

Mentum (Plate XLIX, fig 4) bears the usual large terminal tooth with a 
row of three on each side The two anterior teeth of the row are placed just 
behind the terminal tOoth while the third lies further back Snbmentnni 
(Plate XIvIX, fig 6) the terminal tooth is double with a row of 4 to 6 teeth on 
each side 

Thorax the inner two Submcdian hairs (Plate XLIX, fig 8) have thickened 
stems, that of the innermost being much dilated in the proximal half They arise 
from a large strongly chitmised tubercle apparently formed by the union of their 
roots Both are branched, the inner having 8 to 12 close-set branches on each 
side while the intermediate has 8 to 9 branches internally and 4 to 6 externally 
The third or outermost hair is simple and anses by the side of the tubercle The 
palmaie hair (Plate L, fig 10) is well developedf with 6 to 11 long pointed 
leaflets, the filament is not differentiated 

Abdomen the palmate hair of the first abdominal segment (Plate L, fig 121 
IS very poorly developed having 5 to 9 long narrow leaflets In most of the 
specimens it has the appearance of an ordinary branching hair Segments 2 to 7 
bear well-developed palmate hairs, which have 11 to 14 leaflets on the second 
segment (Plate L, fig 15) but 15 to 21 on the others The average length of the 
leaflets on the mid-abdommal segments is 0575 mm and the length of the filament 
about 0222 mm The filaments are pointed, those of segments 3 to 7 deeply 
indented at their base Dorsal plaques are of moderate size The spuaciilar 
comb (iHate L, fig 18, Sp C ) is strongly chitmised and has 3 to 5 long and 
10 to 12 short pointed processes all of which are serrated near their bases The 
post-spiracidar hair (P sp PI ) is well-developed having six or seven branches, 
four of which are -very long 


♦Unless otherwise stated all the branching of hairs described in this paper is pim-ate in 
arrangement and not plumose 

t A ‘ well-developed ’ thoracic palmate hair is more or less like a poorly developed palmate 
hair of the abdomen and never like a ‘ well-developed ’ palmate hair of a mid-abdominal 
segment * 
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It has long been known that the iodides, espeaally tlie potassium salt, 
have a special action m leprosy Most workers have regarded the apparent 
exacerbation produced by this drug as dangerous and a thing to be avoided 
A few workers have considered it useful, especially in diagnosis, because they 
found tkat the nasal catarrh produced facilitated the search for lepra bacilli 
in the nasal secretion 

The present writer considers that the reaction produced by potassium 
iodide IS not necessarily harmful, and that the breaking down of leprous 
tissue caused by the administration of the drug, if the dosage is wisely 
regulated, may be one of the most beneficial processes possible in the treat- 
ment of the disease 

Potassium iodide does not lend itself to use in mass treatment It is 
necessary to begin with small doses, gradually increased according to the 
tolerance of the patient Less than one gram may cause a febrile reaction 
which will last 2 or 3 weeks, while later on as the condition improves such 
massive doses as 240 grains a day may be taken without reaction 

In all stages of leprosy potassium iodide is a most useful therapeutic agent 
but in cases in which a considerable amount of leprous granulomatous tissue 
has been formed the breaking down of this tissue by potassium iodide ap- 
parently induces a considerable degree of immunity and these two factors 
(the breaking down of leprous (issue and immunity) combined are in our 

expenence more powerful therapeutic agents in leprosy than any others which 
w'e have seen so far 

The reaction signs are the following — 

1 Swelling up and erythema of existing lesions 

The appearance of fresh, rose-coloured nodules which are often pain- 
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Note on Fom Species of AnopheJes Lai me 


A^enfinu unlike the mentum of the larva of A fuhginosus which has seven 
teeth (Plate XPIX fig 4) that of tins species has nine teeth (one median and a 
row of four on each side) Three teeth on each side of the median tooth are 
placed close together while the fourth is placed further back 

Thora\ tubercles of the inner two submedian hairs are not strongly 
chitmised as they are m fuhgwosus and are''often separate from each other The 
palmate hair is well-developed bearing 11 to 15 lanceolate leaflets The filament 
is not developed 

Abdomen palmate hairs on the first segment bear 8 to 13 narrow lanceolate 
leaflets with poorly developed filaments, the indentations, marking the beginning 
of the filaments, being ver\ small Segments 2 to 7-bear well-developed palmate 
hairs, having 15 to 25 broad leaflets with long, narrow, pointed filaments The 
average length of the leaflet of a mid-abdominal palmate hair is 0519 mm and 
that of the filament is 0411 mm 

The sptracnlai comb has 4 to 5 long and 12 to 15 short spinous projections all 
of which are serrated at their bases The post-spn ocular hair is well developed 

Larv\ of a pluhppmennK Ludlow 1901 (?) 

Out of a large number of adults, of A pallidns Theobald, reared by me at 
Yellapur (North Kanara, Bombay Presidency) m March this year, two mosquitoes 
(one male and one female) differ from the rest m certain characters, which 
remind one of A phtltpptncnsis Ludlow * These as well as certain other import- 
ant characters are described below — 

(1) Wing The subcostal pale area is not bridged with dark on the first 
longitudinal vein 

(2) Wing The 5th vein is pale all along its length except for a small dark 
area at its base and two on its anterior and one at the end of the posterior 
branch 

(3) Prothoracic lobes without any pale scales, dark hairs only being present 

(4) Mesothoracic pleurae witli a few pale scales, not very conspicuous 

(5) Distal end of the first hind tarsal segment picked out with white (but 
not so prominent as in fidigtnosus) 

(6) In the female specimen three and a quarter wlule m the male three and 
one-third distal hind tarsi completely white 

(7) A few pale scales present on the dorsum of the 6th abdominal segment, 
the 7th covered with pale golden scales 

(8) Ventral surface of the abdomen without, any scattered pale scales, dark 
liairs only being present Tuft of black scales on the ventor of the 7th segment, 
inconspicuous 

Characters 1 and 2 separate these two specimens from A fuhginosus Giles 
while 3, 5 and 8 separate them from A palltdus Theobald, these being according 
to Christophers (1924), the diagnostic characters of A phihppmcnsis Ludlow 

* Among a large number of anopheline mosquitoes caught and reared by Lieut -Col T C 
McCombie Young, IMS, while making a malarial survey of Coorg, Western Ghats, m June 
and July last, there are 12 adults (5 males and 7 females) which resemble those two from 

Yellapur 
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3 When there is no fever or swelling; after administration increase the 
next dose by 1 gram When there is fever or swelling do not increase the 

4 If the fever or a great amount of swelling lasts for more than three 
days give potassium antimony tartrate 0 02 gram in 2 c e of sterile saline 
intravenously every second day till the fever comes down or swelling becomes 
less, tlien stop the antimony and begin the potassium iodide again 

5 When the dose of iodide has reached 20 grains increase it by 5 grains 
instead of by one grain, the same indications for increasing the dose being 
followed as before 

6 When 60 grains has been reached the dose may be increased by 30 
grams m the same way, gradually rising to 120 grams When this amount 
causes no reaction 240 grams should be given and continued twice a week 
for three periods of one month each with a rest of one month without iodide 
after each period 

7 Potassium iodide should be given d ssolved in one or more large 
glasses of )vater at bed time When the dose is more than 60 grains it can 
be divided into two, half being taken after the midday meal and half at bed 


time 

8 When the fever and marked swelling last more than 48 hours, iodide 
should be given only once a week, when they last less than 48 hours then 
twice a week 

9 If the patient feels very weak, a rest from iodide may be given 
occasionally, but it is important to carry on the treatment without inter- 
mission from beginning to end as far as possible 

10 Potassium iodide may be prescribed m the form of a mixture but it 
IS more convenient to prescribe it in the form of 1, 5 or 30 gram tablets 
according to the size of the dose which is being taken 

11 Between 5 grains and 30 grains there are sometimes symptoms of 
lodiam or there is even an iodide rash, but these do not occur as a rule 
when the dose is larger than 40 grams, and in our experience they give very 
little trouble if the drug is taken as advised above 

12 If there is a painful nerve reaction 3 minims of a 1-1,000 solution of 
adrenaline chlor (P D & Co ) m 30 minims of- saline should be given intra- 
muscularly and the dose repeated in 5 minutes if the nerve pains have not 
subsided m that time 


13 The patient’s temperature must be regularly taken and recorded at 
least 4 times a day, otherwise it is difficult to regulate the dosage 

14 Generally speaking, the lowest reaction-causing dose and the rate 
at which the amount of the drug can be increased vary in inverse ratio to 
the number of bacilli in the body 

An equally important use of potassium iodide is in making a diagnosis m 
ear y cases where there are suspicious signs and in testing contacts with in- 

be teTedT'f The sedimentation should 

be tested before the administration of the drug and again 24 hours after 

The temperature should be taken regularly and a carefal search rade fi 
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fig 7) ends m a'Single median tooth instead of the double tooth found in both the 
latter species 

Thorax the innermost snbmcdian haif (Plate XPIX, fig 9) is short with 

8 to 10 branches and has no conspicuous root The inteim-edioie hair has a small 
dark root, and bears 6 to 12 branches on each side, the outermost hair is simple 
The palmate hair (Plate L,, fig 11) is vestigial, having the form of an ordinary 
hair with 2 to 4 long branches 

Abdomen palmate han (Plate L, fig 14) on the first segment is vestigial, 
that on the second segment (Plate L, fig 17) is poorly developed with 6 to 

9 lanceolate leaflets devoid of filaments On segments 3 to 7 the palmate hairs 
are well-developed bearing from 11 to 21 leaflets with short pointed filaments 
The average length of a leaflet from a mid-abdominal segment is 0371 mm and 
that of the filament is 0111 mm The spiracidar comb (Sp C , Plate L,, fig 19) 
has three long and eight small spinous projections, nearly all of which are 
serrated at their bases The post-spn ocular hair has only four branches, two 
short and two very long 

' Anopheles lamsayi is very restricted in its distribution, being recorded so far 
only from Eastern Bengal, Assam and Burma where A jamesn is rare Although 
the adults of the two species are quite distinct, the former was not recogmsed as 
being a “^different species from the latter till quite recently 

Covell (April, 1927) in his description of the adult of this species has shown 
that It IS markedly different from A jamesii m a number of characters, which have 
been tabulated below Strickland and Chaudhury (May, 1927) have described, 
from Bengal the larva of a new species which they have called A pseudojamestt 
Regarding the adult of this latter species these authors descnbe slight differences 
in the amount of white scaling on the hind legs and state that in all respects, except 
in tlie male genitalia the species is similar to A jamfsn Their figure of male 
gemtalia of A pseudojamesii is identical with the description given by Covell for 
A ramsayt Although Strickland and Chaudhury differ from Covell in saying 
that except for the genitalia and the hind legs the adults of A pseudojamesn and 
A jamesii are alike, yet it appears that they have described the same species as 
Covell, since a close study of the larva of A ramsayi has shown that this is 
identical with the larval characters of A ' pseudojam^sii as described by Strickland 
and Chaudhury 

The chief points of difference between the adults of A jamesii and A ramsayi 


are — • 

A jamesii 

(1) A medium sized mosquito, length 

of wing about 3 5 mm 

(2) Wing markings tend to resemble 

those of A stephensi Both 
the inner quarter and the outer 
third of costa chiefly pale 
wing field mainly pale, the dark 
spots being very small iii ex- 
tent 


A ramsayi 

A small mosquito, length of wmg 
about 2 65 mm 

Wing markings tend to resemble 
those of A fuliginosus Both the 
inner quarter and the. outer third 
of costa chiefly black wmg field 
mainly ^dark 
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SoMC interest attaches to the validity or otherwise of the closely related 
speaes, A fubgmosus Giles (and its variety adtet), A palhdus Tlieobald and 
A phhppinensis Ludlow, and also of A jamesn Theobald and the recently des- 
cribed A raiiisayt- Covell The following is a brief note on the larval characters 
of these forms (except A phihpptnensis of winch larval material has not been 
available to me so far) 

All these forms (except adiei) are recognised as distinct species by Christo- 
phers (1924), but Dyar and Shannon (1925), doubting the presence or absence 
of pale scales on the ventor of the abdomen of adult mosquitoes to be a constant 
character, regard plnhppinensis as synonymous with palhdus - 

A close study of the larvae of all the Indian species of Anophelines is at 
present being made by me, but m the meantime, observations 'on the larv'ae of the 
abovenamed four species will be of interest The following descriptions have 
been based on the moults of the final larval instars m all cases Except as regards 
A phthppmensis ( ?) and A ramsayi where 2 and 3 larvae only were respectively 
available, 25 larv$ of verified adults of each species have been carefully 
compared in detail 


Larva op Anopheles jamesu Thpobald 1901 

.The head is golden brown in colour with the usual dark brown spots (some- 
times very dark), indicating the places where the muscles of the mouth-parts an<l 

( Bll ) 



ExpIvAnation op Pi,atc XL,IX 

Fig 1 Anterior portion of the Clypeus of A jamesi'i showing the clypeal hairs 
Scale'A 

„ 2 Anterior portion of the Clypeus, A fultgtnosus showing the clypeal 

hairs Scale A (Simple posterior clypeal hair is exceptional ) 

„ 3 Anterior portion of the Clypeus, A ramsayt showing the clypeal hairs 

„ 4 Mentum of A jamesii Scale B 

„ 5 „ oi A ramsayj „ 

„ 6 Submentum of A jamesti „ 

„ 7 „ oi A ramsayt „ 

, 8 Suhmedian Thoracic hairs of the right side A jamesji Scale A 

„ 9 Submedian Thoracic hairs of the right side A lamsayi Scale A 
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IvARVA OF A f'nhgmo'sMs GiIvFs 1901 

The larva of this species resembles very closely that of A janicsu, from which 
it can be differentiated with great difficulty It differs from the latter only in 

minor details, which are herein desciibed 

Head (Plate XLIX, fig 2) the branches of the clypeal hairs do not arise as 
regularly along the shaft of the hair as they do in A jamesii and tend to cluster 
towards the distal end of the hair The inner occipital hair is simple in this 
species also, although occasionally it is bifid near its distal end This hair has 
been described as simple by Swellengrebel (1919), while according to Carter (1925) 

' and Stanton (1915, 1927) it is branched 4 to 5 times Strickland (1925) 
recorded it to he branched^ hut Chaudhury (Strickland and Chaiidhury, 1927) 
found It to be simple in a majority of cases The figure of A fuhqinosus Gilcb 
given by Stanton (page 73, 1927) is undoubtedly that of A phiUppwcnsis 
Ludlow and it is highlj'' probable that he has described the larva of that species 
under A fuhgiiiostis Giles Whether the others were dealing with the larvae of 
A fuhgmosus or of A phihppmcnsis or even of A palbdxis, it is very difficult to 
say (the figure of the adult given by Carter is, however, that of fnhginosus) 

The branches of all the hairs of the head are comparatively longer than those 
in jaimstt 

Thorax m a considerable number of specimens, the mnoniost submedian 
thoracic hair is comparatively longer, but less swollen The palmate hair is well- 
developed bearing from 2 to 11 broad, pointed lanceolate leaflets, filaments 
undifferentiated 

Abdomen the first segment has a fairly well-developed palmate hair 
(Plate L, fig 13) having 7 to 11 leaflets which often show poorly developed fila- 
ments The filaments of the mid-abdommal palmate hairs are very deeplv 
indented at their bases and are comparatively longer than those m jamesu, 
average length of the leaflet being 0445 mm and that of the filament 0352 mm 


Lajiva op a palhdus Theobald 1901 

The larva shows a very close resemblance to that of A fuhgnwsus and can 
be separated with certainty only after dissection 

The head shows the usual dark spots which are sharply defined Clypeal 
hairs the inner anterior clypeal hairs are about 234 mm long and appear to be 
more strongly chitimsed They bear fine hairs which are more numerous but 
comparatively shorter than in A fuhgmosus These hairs tend to become 
plumose m distnbution on the distal one-fourth of the mam hair Outc) anterwi 
clypeals are a little longer than half the length of the inner anterior clypeals 
They are profusely branched, bearing 15 to 37 branches (average 24) In the 
majonty of specimens, each hair divides distally into two or three mam branches 
which give origin to secondary branches with plumose arrangement, all the 
ranches, however, he m one plane (horizontal) Each of the postcrioi clvbrnl 
Jmrs bears 2 to 5 branches (average 3) They divide from tlie base m'to 
branches, which may divide into secondary branches The innet 

TavCe r “ 2 ® 
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wlucli also differs from A palhdus m not possessing scales on llie thoracic 
pleurae 

Like the adults, the moults of the final larval mstar of these two specimens 
also show slight but marked differences from the larvae of A palhdn<; These 
diffeiences have been described below* 

Clypeal hen^s The umej auteno) clypeal Imtrs and the fine hairs borne on 
them are comparatively strongei , the latter also longer in one specimen they are 
about twice as long as m palhdus Their arrangement on the distal half of the 
hair IS thickly plumose The outer dypeal hairs bear 36 m one and 26 long 
branches in the other The mam hair splits near its base (^th the length of the 
hair from its base) into a laige number of long branches, two of which are 
thicker than the rest and bear secondary branches which are plumose in arrange- 
ment but be more or less in the same (horizontal) plane Each of the paste) lor 
clypeal haas divides at its base into 7 to 10 branches with spread out and he 
in one plane The tuner occtp-ital lmi bears 3 to 4 branches 

The meiUuiu has 9 teeth as has that of palhdus 

Thorax tubercles of the submedian haiis are poorly developed and are 
separate The mnennost han is comparatively short and much dilated, bearing 
about 17 branches, the intermediate hair too is much shorter and bears 5 long 
brandies internally and 3 externally The outermost hair is also short and arises 
a little apart from the tubercle 

Leaflets of the mid-abdominal palmate hairs are about as long as in palhdus 
and the indentations at the base of the filaments too are as well pronounced but 
the filament itself is even less than half the length of those found in palhdus In 
general fonn the leaflets are quite distinct from those of A palhdus 

Larva or A rant say i CovELi, 1927 

Head is dark brown in colour, but the dark spots are not sharply defined 
From the depth of the colour, the head appears to be much more strongly chitiiiised 
than that of janiesu or of fuhgtnosus 

Clypeal Imrs (Plate XLIX, fig 3) the timer antenots are long, separated 
at their bases by a distance equal to about one-third the width of the head in thi-v 
region They bear a number of fine fateral hairs which are fewer and compara- 
tively shorter than those m the other two species The ouder anterior clypeal ■c are 
about two-thirds the length of the inner antenors Each has 2 to 5 short spinou . 
branches on each side The posterior clypeal hairs are short, simple, about one- 
half to one-third as long as the outer anterior The branches of the six frontal 
hairs are comparatively much shorter than those in jahicsii and fuhgmosus The 
miiet ocapital hair is a little longer than the posterior clypeal hair, and is thin 
and simple 

The nientum ('Plate XLIX fig 5) has the usual seven dark teeth The three 
teeth on each side of the median tooth are equidistant from one another, unlike the 
arrangement found in jamesii and fuhgmosus The suhnentum (Plate XLIX. 


* Since the ateve descnpt.on was sent to the press, Dr G C Ramsay, Labac Centra' 
Hospital, Cachar, has at my request kindly sent to the Central Malaria R.iJl,, c, ^ 

(3 ^ . and 3 , , , d,o„. w..h ^e,r « ,arv„ 

Assam shows that they are similar to the two larvs from Yellapur, Bombay PresidX 
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I A C Internal Anterior Clypeal Hairs 
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P sp H Post-spiracular Haii 
Sp C Spiracular Conib 


I.-M. Pun. 


517 


A jamesit — (coiitd ) 

(3) Terminal 3^ hind tarsi invariably 

completely white Only a few 
pale scales at the distal end of 
the first tarsal segment 

(4) Dorsum of last two abdominal 

segments densely clothed with 
a conspicuous covering of 
golden hairs and scales 


A ramsayt — (contd ) 

Either 3^ oi 2-^ terminal hind tarsal 
segments white A distinct white 
band at the distal end of the first 
tarsal segment 
Not so 
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Note^ on Rat Fleas Collected in Assam. 

As will be seen from the accompanying table all the fleas collected were 
Xenopsylla cheopis with the exception of one' specimen of X ostia The largest 
number of fleas taken from one rat was 45, and the average number per rat 9 


Date 

Place 

Serial num- 
ber of rat 

Number of 
fleas found 

Number of 

X cheopts 

Number of 
X asUa 

2-4-27 

Gauhati 

1 

1 

1 female 

ml 

3-4-27 


2 

1 

1 male 

ml 

3-4-27 


3 

ml 

ml 

nil 

4-4-27 ' 

ft 

4 - 

9 

S males 

4 females 

ml 

4-4-27 

e 

>f 

5 

45 

16 males 

29 females 

ml 

4-4-27 

>? 

6 

nil 

ml ' 

ml 

6-4-27 

a 

7 

10 

7 males 

3 females 

ml 

8-4-27 


8 

1 

1 female 

ml 

10-4-27 

ff 

1 9 

110 

34 

16 males 

18 females 

ml 

13-4-27 

f 

11 

1 

5 

3 males 

1 2 females 

ml 

16-4-27 

ft 

12 

14 

1 5 males 

8 females 

1 

1 female 

V 

18-4-27 1 

ft 

13 

1 

1 

1 male 

ml 

21-4-27 

1 

1 

ft 

14 

5 

2 males 

3 females 

nil 

23-4-27 

j 

ft 

15 

9 

2 males 

7 females 

ml 

27-4-27 

ft 

1 

16 

13 

10 males 

3 females 

ml 

28-4-27 

) ft 

ft 

17 

5 

3 males 

2 females 

ml 



Totai-s 

153 

152 

1 

1922 

vShillong 

f 


62 

37 males 

25 females 

ml 


The fleas collected from rats in Shillong in 1922 were all, without exception, 
X cheopts 

Cragg (1920, 1921, 1923) published observations on the distribution of Indian 
rat fleas based on the examination of over 23,000 specimens Collected in various 
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10 

11 

12 

13 

14 

15 

16 

17 

18 
19 


Explanation or Platc L 

Thoracic palmate hair of right side A jamesn Scale C 
Thoracic palmate hair of right side A ramsayi Scale C 
Right palmate hair of 1st abdominal segment A jamcsii Scale C 

Right palmate hair of 1st abdominal segment A fnhgtnosits Scale C 

Right palmate hair of 1st abdominal segment A ramsayi Scale C 

Right palmate hair of 2nd abdominal segment A jaiiwsii Scale C 

Right palmate hair of 2nd abdominal segment A fidtginosus Scale C 
Right palmate hair of 2nd abdominal segment A ramsayi Scale C 
Lateral view of the posterior spiracle A jamesn Scale D 
Lateral view of the posterior spiracle A ramsayi Scale D 
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On Wasseimann Reaction. 


a false reaction is secured ' (Kolmer, 1923) (6) , and again that ‘ in the hjemolytic 
system it can be shown that a deficiency of either complement or hsemolysin 
may be replaced to a certain extent by increasing quantitatively the other ’ 
(Park & Williams, 1925) (7) 

This belief has been responsible for several vanations in the preparation 
of a hsemolytic system (1) Antiox or antihuman h?emolytic amboceptor witli 
the corresponding red blood cells have been substituted for the antisheep 
haemolytic amboceptor and the sheep red blood cells The substitution yields 
poorer amboceptor with greater trouble and is not free from objection (2) The 
natural antisheep haemolytic amboceptor found in the human serum has 
been removed prior to the test This is an added burden on an already cumber- 
some procedure and is accompanied by other complications (3) The 
natural antisheep hemolytic amboceptor and the native complement have 
been made use of in preparing a haemol}dic system and a haemolytic index of 
each serum has been determined All human sera, however, do not contain 
the natural antisheep haemolytic amboceptor which, moreover, when present, 
may not be sufficient in amount The complement, again, is a very variable 
quantity A test of a serum thus performed would be an individual test 
involving special care and affording no comparison with the other tests in the 
batch 

Besides these accurate methods several others not so exactl)'- balanced 
have been devised They all depend upon the fact that there exists m the 
human serum a natural antisheep haemolytic serum which may (it is feared) 
vitiate the results Avhen added on to the amboceptor in the usual haemolytic 
system (gumea-pig complement, sheep red blood cells and rabbit antisheep 
haemolytic amboceptor) and Avhich can itself be used m the haemolytic system 

It IS also believed that ‘ what is particularly characteristic for this case 
(a series of experiments — writer) is the fact thalt the mimmal amount of 
complement is almost reached Avith a small multiple of the amboceptor unit, 
and that it does not materially change with a further increase of the ambo- 
ceptor ’ (Ehrlich, 1906) (8) , again that ' since in the test proper the cells come 
into contact with a small but vanable amount of haemoljdic amboceptor 
which is present in the human serum, I have always considered it better to 
sensitize the cells beforehand with a large amount of amboceptor, so that in 
the test proper the M H D of the complement as ascertained by previous 
titration will not be affected by the additional amboceptor in the tested sera ’ 
(Harrison, 1918) (9) , again that the importance of this (natural antisheep 
amboceptor m human serum — ^writer) has been over emphasized and the 
possible influence of natural antihuman hsemolysins m some senims over- 
looked ’ (Kolmer, 1923) (10), and again that ‘this advantage (using antihuman 
hsemolytic system and thus avoiding interference by the natural antisheep 
amboceptor — Avriter), however, is more than counterbalanced by the dis- 
advantages that exist’ (Kilduffe, 1926) (11) 

To go into the question of hsemolysis in general or to reconcile the 
diverse views of the different or even of the same worker is not the inten- 
tion of the writer at present His object is only to express a few frankly 



A NOTE ON RAT FLEAS COLLECTED IN ASSAM 


BY 

P J BARRAUD, 

(Central Research Institute, Kasatih) 


[Received for publicahon, July 4, 1927] 


Whii^st working with the Kala-azar Commission at Gauhati, Assam, I made 
a small collection of fleas from rats in April 1927 Owing to the pressure of 
more important work it was not possible to carry out observations on a large scale, 
and this note refers to 153 fleas obtained from 17 rats, and to a further small 
collection of 62 fleas obtained from rats caught m Shillong in 1922, which was 
kindly given to me by Mr C S Swaminath 

These collections are of interest as the province appears to be practically 
immune from plague, and little is known regarding the species of fleas occurring 
on rats in that part of India 

The Director of Public Health, Assam, was good enough to inform me upon 
enquiry that no case of plague had been reported in Gauhati (Kamrup Di^tnct) 
for the past three or four years In April 1918 a case of plague of the bubonic 
tjqie was reported from Rangia Bazaar (Kamrup District) The case was 
imported from Ratangarh, Bikaner, Rajputana, and ended fatally, but no otlier 
cases occurred No iriortality amongst rats was detected m the village m which 
the case occurred 

Gauhati Town hes on the south or left bank of tlie Brahmaputra river in the 
nortli-west of Assam and is an important place of communication between Eastern 
Bengal, Upper Assam, and Shillong The last named place is the seat of Govern- 
ment of the Province and is m the Khasia Hills at an elevation of about 5,000 feet 
Rats did not appear to be very plentiful m Gauhati as, although a small reward 
was offered, only 17 were caught during the month of Apnl There did not 
appear to be any local prejudice against the trapping of rats Six traps were 
in daily use in vanous parts of the town From general appearance, and from 
measurements taken at the time, all the rats appeared to be Mus i affiis, with the 
exception of one (No 7 m the accompanying table) The skm and skull of this 
speamen were forwarded to the Indian Museum and the identification was kindly 
supplied to me as probably Nesokta bengalenm ^ 

( 619 ) 
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On W asset wmn Reaction. 


A table showing the typical reactions and giving the results ot the whole 
series 


1 



In case oe complete Inhibition 

THE El^PECT or ADDING 

Total num- 

Number 

> 

Name 

Reaction 

Complement 

(Guinea-pig, 

excess) 

Amboceptor 
(Rabbit, excess) 

ber loi such 
cases 

1 

A 

L 


1 

88 

2 

B 

C I 

C L 

Nil 

6 

3 

C 

C I 

Nil 

C L 

3 

4 

D 

C I 

C b 

P b 

1 

5 

E 

C I 

Nil 

Nil 

2 


L, = Lysis, complete or partial 

C L = Complete Lysis 

C r = Complete Inhibition 

^ P L = Partial Lysis 

Only five cases had no natural antisheep haemolytic qmboceptor The 
percentage of the sera containing the amboceptor, in the series, rose to 95 
pel cent Other figures are — 

1 About 90 per cent (Harrison, 1913) (12), 

2 Over 80 per cent (Kolmer, 1923) (13) 

3 60 to 80 per cent (Kildufte, 1926) (14) 

Of Partial Inhibition of lysis there were 24 cases 
15 lacked complement 
5 lacked amboceptor 
4 lacked both 

Case No 4 in tlie table may appear to suggest that to some extent 
complement and amboceptor are interchangeable This apparent anomaly, 
howevei, may (and probably does) depend upon the fact that both natural 
amboceptor and native complement m man are very much weaker than the 
rabbit amboceptor and the guinea-pig complement The native human com- 
plement, therefore, -^hile failing witL the natural amboceptor will succeed 
(fully or partially) v^ith the rabbit amboceptor In the same way the natural 
amboceptor while failing with the native complement will succeed (fully or 
partially) with the guinea-pig complement 

The time taken by a serum m effecting a lysis was noted Observations 
were recorded for 30 ininutes After 30 minutes no change could be 
detected 

BApenment III Determmation of the influence of the natural hsemolyt'c 
amboceptor in the human serum on a complement fixation reaction 
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parts of the country His papers do not include any reference to Assam, but it 
may be mentioned that collections received from Rangoon, Burma, contained about 
equal numbers of X cheopts and X astia, whilst from Akyab, on the coast of 
Burma furtlier nortli, 98 7 per cent of the fleas received were X astta The only 
collection mentioned as having been received from Bengal was one of 30 fleas 
from Barrackpore, near Calcutta, 29 of which were X chcopis and one X astia 
As the specific distribution of X chcopis and X astia is believed to be an 
important factor in the epidemiolog} of plague, it has been thought worth while to 
publish this note in the hope that others may find time to make further observations 
in Assam Collections may be forwarded to the Central Research Institute, 
Kasauh Copies of a paper by Sinton (1925) entitled ‘The Indian Rat Fleas, 
with special reference to the identification of the “ Plague Fleas,” ’ which contains 
instnictions for the collection, preservation and preparation of fleas for examina- 
tion, may be obtained from the institute abovementioned 


Cragg, F W (1920) 

Cragg,‘f W (1921) 
Cragg, F W (1923) 
SiNioN, J A (1925) 


REFERENCES 

hid Jour Med Res (Special Science Congress 
Number) , pp 29 — 34 

hid Jour Med Res, IX, 2, pp 374 — 398 
hid Jour Med Res , X, 4, pp 953 — ^961 
hid four Med Res, XII, 3, pp 471 — 477 



528 


Oil Wasseimnwi Reaction 

2 An excess of haemolytic amboceptor, using 10 M H D instead of 
5 M H D , does not affect the M H D of the complement 

3 A false negative leaction does not result from an excess of the 
haemolytic amboceptor 
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ON WASSBR.MANN EBACTTON 

I. 

EFFECT OF AN EXCESS OF THE HEMOLYTIC AMBOCEPTOR ON 
THE m"h D OF THE COMiPEEMENT 


BY 

Captain S D S GREVAL, b sc , md, ch b , dph, ims. 
Central Research Tnsttfnte Kasauh 


[Received for publication, Tune 28, 1927 ] 


It is generally believed that ' htfle amboceptor mueh complejnent and 
much amboceptor ^ -f- little compleni-ent lead to the formation of the same 
amount of complement-amboceptor combination {hcemolyfic unit) avchoied 
by the receptors' {Bhrhch, 1906*) (1), again that ‘within certain limits the 
quantitative relationship existing between the absolute amount of complement 
and amboceptor required to produce complete hasmol)fsis is such that an 
increase of one factor, sa)'’ complement, permits the use >of a less amount of 
the other factor, namely, the amboceptor’ (Noguchi, 1912) (2), again that ‘the 
same amount of haemolysis can be produced by one unit of complement and 
one unit of amboceptor or by 20 units of amboceptor and 0 1 unit of com- 
plement, or any other approximate combinations of these two components ’ 
(Noguchi, 1912) (3) , again that ‘ within certain limits, the larger the amount of 
amboceptor with which the cells are sensitized, the smaller the M H D of 
complement’ (Harrison, 1918) (4), again that ‘despite all the claims that have 
been made that the presence of antisheep amboceptor m human serum is a 
*^6ghgible factor in the Wassermann test, the fact remains that in some blood 
sera there is so much of this amboceptor present that no dependence can be 
placed upon the results of a Wassermann test with them unless it is first 
removed’ (Craig, 1918) (5) , again that ‘the important fact to be borne m mind 
IS that a slight decrease in complement may be compensated for by the 
presence of many units of hasmolysm, so that complete haemolysis results and 


♦These dates refer to the year of publication of the documents under 
They do not necessanly date the first announcements 


reference only 
li 


623 ) 



530 


Kala-azai Parasites in the Penpheial Blood 


cases Italian workers, Gannata (1913-1914), and Vaglio (1914) were similarly 
successful Mackie (1915) reports the presence of parasites in the peripheral 
blood in 21 per cent of cases occurring m indigenous Assamese and 64 per cent 
of cases in a senes composed of tea garden coolies More recently, Knowles 
(1920) found parasites in thirty-three out of seventy-three cases but only after 
a scrutiny of 682 blood films More recently still Knowles and Gupta (1924) 
have obtained 67 per cent of successes by the use of a thick film method 

A penisal of the literature gives one the impression that the degree of success 
obtained in the search for parasites m tlie peripheral blood m kala-azar is largely 
proportional to the patience as well as the skill of the observer, in other words the 
amount of material examined, which is what one might expect from the proved 
almost universal presence of the parasites in the peripheral blood To some extent 
this has been our own experience, but we differ m this respect from most of the 
observers mentioned in that we have not found it necessary, in the great majority 
of cases, to examine large numbers of slides of peripheral blood in any individual 
case, if the object aimed at is merely to obtain a diagnosis Our figures, also, 
relate to a somewhat larger series of consecutive proved cases than' has been 
recorded by any of the workers referred to above As the method and extent of 
the examinations carried out by us have been uniform throughout the series, and 
as our observations relate to strictly consecutive cases, all proved to be kala-azar 
by spleen oi liver puncture, we feel we are not unjustified m assuming that our 
results represent a close approximation to those which would be obtained by 
other woikers pursuing similar methods, and should, therefore, be useful as a 
standard for comparison as to the relative value of other methods 

Technique , 

This, as already stated, was uniform throughout the series Shortt, Barraiid, 
and Craighead (1927) have described the technique employed by them in prepanng 
blood slides with a special view to their examination for the parasites of kala-azar 
As this method has a very direct application to the subject of the present com- 
munication, and was the method employed by us throughout, the description 
given by the workers referred to is here given ‘ m extenso ’ ‘ A small drop of 

blood IS placed at one end of a slide, a second slide is applied to it, as in making 
an ordinary blood smear The second slide, as soon as the blood has spread out 
along its edge, is pushed along the surface of the first with an even motion until 
the blood is almost exhausted At this point, instead of continuing this motion, 
as in making an ordinary smear, the second slide is abruptly lifted off, with the 
result that the blood smear ends in a straight edge stretching transversely across 
the slide This straight edge is somewhat thicker than the rest of the smear 
and contains a large percentage of the total white cell content of the drop of 
blood The white cells in the straight edge are all that it is necessary to examine 
for the purpose of determining, with a fair degree of accuracy, the presence and 
numbers of Leishman-Donovan bodies in the peripheral blood ’ As an invariable 
routine the terminal edges of four slides, prepared in the way described, were 
examined for parasites 
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heterodox opinions on the complement fixation test in syphilis A haemolytic 
system consisting of guinea-pig complement, sheep red cells and antisheep 
rabbit haemolytic amboceptor leaves nothing to be desired An excess of 
haemolytic amboceptor, after a sufficient amount of it has been used for 
sensitization, does not effect the M H D of the complement A false negative 
reaction does not result from an excess of the haemolytic amboceptor 

These opinions are based on the following work — 

Bxpctiment I M H D of complement determined with suspensions of 
red blood cells of the same density but sensitized with different doses of 
amboceptor 

Two sets of tubes were employed to determine the M H D of the 
complement for the routine Wassermannf Reaction In set No 1 the usual 
quantities of the reagents were used In set No 2 the dose of the haemolytic 
amboceptor was doubled (i e , made 10 M H D instead of 5 M H D ) 

Result The M H D of the complement was found in the same tube in 
both the sets 

This experiment was repeated for six months, twice a week The only 
irregularity observed was an oecas onal inhibition of lysis (partial) in the 
case of the suspension sensitized with 10 M H D of amboceptor (Neisser- 
Weehshberg phenomenon?) 

Complement acting in a dilution of less than 1 in 30 and amboceptor in 
a dilution of less than 1 in 1,000 were rejected Generali}’- the titres of the 
complement and the amboceptor were over 1 in 50 and over 1 in 2,000 
respectively 

Experiment II Detection of the natural antisheep hfemolytic amboceptor in 

man 

Active sera of 100 apparently normal Indians were tested for hsemolytic 
activity against sheep cells, the proportion being the same as in a Wassermann 
Reaction :j: 


The Scheme 
Active serum (1 m 5) 

Sheep cells ^3 per cent) 

Saline 


1 Vol 

1 Vol 

2 Vols 


Total 4 Vols 


recommended by the British M^iSrSL^T^CoV^tT^ l^sauli, is that of Method IV 
1 A small volume procedu e L fol ^ 

Wright's pipettes for measurmg voiles ’ ^ods) and 

» - A pos.,.™ 

?See foot-note under Experiment I 
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TabIvE^ I 

Showing the details of direct inicroscoptcal examination for parasites in 
slides of peripheral blood in kalor-azar 


Total number of 
cases examined 
by spleen or liver 
puncture 

1 Total number 

1 proved kala- 
azar 

1 

Total number of 
kala-azar cases 
showing parasites 
m the peripheral 
blood 

1 

Total number of 
kala-azar cases 
not showing para- 
sites in the peri- 
pheral blood 

1 

Percentage 

showing 

parasites 

1,157 

480* 

358 

97 

78 7 


* In a certain number of cases no examination of the peripheral blood was made 


Totab numbcr op whitp cbbls containing parasitps op kala-azar 
As previously stated, the only part of the blood slide examined as a routine 
was the terminal straight edge, four slides being examined in each case In the 
358 cases showing parasites in the peripheral blood there were found a total of 
2,168 parasitised white cells This gives an average per case of observed para- 
sibsed cells, of 6 1 , and an average per slide of 1 5 


ThP TYPPS OP WHITC CPLLS CONTAINING PARASITES OP KALA-AZAR 

In order to avoid confusion we have, for the purposes of this descnppon 
only, placed all the infected cells observed by us under two categories only, viz , 
polynuclear cells and mononuclear cells By doing this, we hope to avoid any 
ambiguity due to the notonously variable classification of the white cells accepted 
by vanous workers The first category includes only one type of cell, viz , the 
cell which is commonly called the polymoiphonuclear leucocyte Under the 
second category are included the large mononuclear leucocyte, the transitional cell, 
the large lymphocyte, and the endothelial cell The details of our observations 
under this head are give in Table II 


Table II 

Showing the types of white cells containing parasites and their relative numbers 


Type of cell 

» 

1 

1 

Numbeiv^of cells 
parasitised 

Percentage 

parasitised 

Mononuclear cells 


1,086 

501 

Polynuclear cells 


1,082 

499 

^ ' 


Total 

2,168 
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Tlie same 100 sera were inactivated and their influence on a titrated 
hiemolytic system was tested in a three-tube test 

The Scheme 


Tubes 

1 

1 


2 

3 

Senim, 1 in 5, Vol 

1 


1 


1 

Sensitized red cells, as used in a 
Wassermann reaction, Vol 

1 


1 


1 

Complement, 1 Vol , containing 
H D 

1 


3 



Saline Vol 

1 


1 


1 


In spite of the natural amboceptor not in one out of the 100 sera could 
the deficiency of the complement be made good The difierence in the grades 
of the l3'sis corresponding to the deficiency was always kept up 

Most of the sets of the three tubes shoAved more inhibition than the 
controls without serum 

Agglutinating poAver of certa n sera made the tubes look crystal clear 
with deposit of the red cells at the bottom 

B'ipcnment IV Effect of an increase of hremolytic amboceptor on the 
Wassermann Reaction* of a knoAvn syphilitic serum 

As a crucial test -f-+, +^j + and ± sera as 

determined in tlie routine one Aveek, were rc-submitted to a double test next 
week, using the usual and tAV ce as strong a dose of the haemolytic ambo- 
ceptor for sensitizing the red blood cells 

To bring out the end point of inhibition of l^’^sis -] — | — j- and -j — [- sera 
were used in half doses 

Fifty such sera Avere tested during the last 6 months, not a single serum 
was found to turn negative from posit. ve because of an increase in the dose 
of the haemolytic amboceptor 

The distributor of the reactions over a long period eliminates the influence 
of the coincident extraneous factors such as temperature, pH of the saline, 
and peculiarities in the rabbits and the guinea-pigs 

Here it may be mentioned that every ± serum Avas not ahvays found ± 
next Aveek even with the usual dose of the amboceptor Often it Avas rfound to 
have become negative 

This point, hoAvever, aviII be considered again under other headings It 
does not appear to be connected Avith the excess of amboceptor 

Summary 

1 A hemolytic system consisting of guinea-pig complement, sheep red 
ce s and antisheep rabbit haemolytic amboceptor leaves nothing to be de- 


J, MR 


* See foot-note under Experiment I 
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Mononuclear cells — 88 parasites, including 19 multiple infections 
The largest number of parasites seen in a single cell was 35, seen m an 
endothelial cell 

Factors in^lu^^ncing the parasite count 
The number of parasites found m the peripheral blood depended, to a consi- 
derable extent, on certain conditions affecting the clinical condition of the patient, 
as will be shortly detailed below 

(o) Effect of the degree of leucopenia on the parasite count 
As all the parasites present in the peripheral circulation are intracellular, 
except as the result of acadental rupture of the containing cells, the number 
present in any specimen have a direct relationship to the degree of leucopenn 
present Where the latter is severe the number of infected cells per slide is 
necessanly diminished, but the parasite count may not be diminished in tlie same 
proportion This is due to the fact that in such cases the proportion of mono- 
nuclear to polynuclear cells is often increased, and, as the former more frequently 
exhibit the higher degrees of multiple infection of cells, the balance is to some 
extent rectified Nevertheless, it may be said that increasing leucopenia means, 
on the whole, a diminishing parasite count 

When leucopenia is not a marked feature of a case, the percentage of poly- 
nuclear to mononuclear cells is often, although not imanably, increased In such 
cases the tendency is for a larger percentage of polynuclear cells to show infec- 
tions with single parasites and so to raise the total parasite count The general 
inference drawn is that a relatively Ingh leucocyte count means a relatively high 
parasite ^ount In this connection it may be stated that m practically all cases 
showing unusually high parasite counts, the degree of leucopenia was relatively 
slight 

(h) Effect of temperature of the patient on the parasite count 
As the result of our observations we have been able to make a generalisation 
to the effect that, other factors being uniform, tlie presence of a temperature above 
the normal has an effect in increasing the number of parasites m the peripheral 
arculation Whether this phenomenon is ‘ post hoc ’ or ‘ propter hoc ’ we are 
not prepared to say, but we have usually found that in cases showing high parasite 
counts, a relative decrease in temperature, or a drop to normal is almost invanably 
followed by a drop in the number of parasites arculating m the blood At the 
same time it must be noted that many cases dunng long periods of apyrexia stiU 
show continuously the presence of iparasites in the penpheral blood 

(c) Effect of alimentary symptoms on the parasite count * 

Patton (1914) has stated that, in his expenence, cases showing involvement 

of the alimentary canal, with resulting diarrhoea or dysentery, often exhibit a 
relatively larger number of -parasites in the penpheral blood Qn the whole this 
has not been our expenence, cases with symptoms of involvement of the ahmen- 
tary canal have not been marked by specially high parasite counts 

(d) The parasite count in atypical cases showing little or no enlargement of 
the spleen 

Vanous observers ha"^ noted the occurrence of such cases, where, even in 
advanced stages of tlie disease, there is little or no enlargement of the spleen 
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Christophers (1904) was the first to desenbe the occurrence of L donovani 
m the penpheral blood of cases of kala-azar Since that date, although all observers 
have agreed in confirming this finding, there has been considerable divergence of 
opinion both with regard to the frequency of its occurrence and with regard to the 
ease with which the parasites may be found on direct microscopical examination 
As regards the first of these points there can no longer be any ground for 
difference of opimon, because the use of cultural methods has demonstrated the 
occurrence of parasites in the penpheral blood m practically all cases of kala-azar 
This method of diagnosis was first applied by Mayer and Werner (1914) and 
independently by Wenyon in the same year More recently many workers have 
successfully applied the method to the diagnosis of cases, and, in expenenced hands, 
failures to demonstrate the parasite by this means are infrequent, especially if a 
considerable number of tubes of the medium used be inoculated Thus B M Das 
Gupta (1922) obtained cultures of L donovam from the penpheral blood of 
/ nineteen consecutive cases of kala-azar, a result which corresponds ivith our own 
expenence in this field of observation 

With regard to the second point, the ease with which the parasites present in 
peripheral blood may be found by direct microscopical methods, there is room for 
more diverpnce of opinion, and very varying results have been obtained by different 
observers, 'not only as regards the frequency with which the parasites are found 
m cases of kala-azar, but as regards the amount of observation required to demons- 
trate them Thus Donovan (1905, 1909) reports their presence in over 93 ner 
cent of cases while Patton (1907, 1912) obtained them m over 84 per cent of 

{ 529 ) 
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(g) Effect of treatment on the parasite count 

This may be stated in a few words Whatever the form of antimony 
treatment employed, there is a rapid disappearance of parasites from the penpheral 
blood This disappearance is much more rapid m the case of some of the more 
recently introduced organic compounds of antimony, such as urea stibamine, than 
in the case of the antimony tartrates In the former case, parasites usually dis- 
appear from the penpheral blood after two or three intravenous inoculations 
(0 5 gramme m an adult) while in the latter, the disappearance is somewhat 
slower This effect of treatment in rapidly stenlismg the penpheral blood is one 
of the most important aspects of all m the treatment of the disease, since it rapidly 
transforms the Icala-azar case, even in the early stages of treatment, from being 
a great potential danger to others, to a comparatively innocuous individual 

We believe this factor to have had more effect in the fight against the disease 
in Assam by means of efficient treatment, than the mere cure alone of the 
thousands of cases treated would have resulted in To put it even more strongly 
we believe, taking into consideration the prevalence of the disease in Assam dunng 
the years 1917 — 1927, that were it not for the widespread sterilisation of the 
penpheral blood due to treatment, the outbreak in this period would have been 
more widespread and more disastrous than that of the years 1891 to 1901, when 
vast areas in Assam became waste land owing to the ravages of the disease A 
consideration of* the figures showing the numbers treated dunng tlie last few 
years in Assam will show the justification for such an assumption Thus in the 
years 1924, 1925, and 1926, 48,770, 60,940, and 46,231 cases respectively were 
treated All these cases, even those not completely cured, ceased for the time at 
least to be spreaders of infection, i e , in the year 1925 alone, there would have 
been, but for the treatment campaign, 60,940 more sources of infection than there 
-actually were 

A minor point emerging from the disappearance of parasites from the pen- 
pheral blood as a result of treatment is that whereas examination of the penpheral 
blood for parasites, either directly or by culture, is an efficient means of diagnosis, 
it is of no value whatever as a test of cure after treatment This is mentioned 
because we have known certain workers refer to culture from the peripheral blood 
as a test of cure 

Value oe microscopicjVl examinations oe the peripheral blood in 

EXPERIMENTAL WORK 

In experimental work in connection with the transmission of kala-azar, the 
direct nucroscopical exanunation of the penpheral blood for parasites has been 
found to be of the greatest value It affords a simple, sufficiently accurate and 
readily available means of selecting those cases which are the most appropnate 
for use in feeding experiments with blood-sucking insects whose capacity as 
vectors of the disease it is desired to investigate 

Summary 

1 The technique of niaking blood slides for examination for parasites of 
kala-azar is described ' 
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None of the thick film methods we have investigated, including that advocated 
by Knowles and Gupta, approach m simplicity, and, in our hands la efficiency, to 
the method descnbed here They also possess the universal disadvantage ot 
presenting the white cells m a contracted condition or at least m a nearer approach 
to a globular form, which, Avhile it may possibly be more like their natura 
condition, renders the search for parasites much more difficult, and often obscures 
their identity, as compared with the flattened out white cells of a comparatively 
thin film 


MaTURIAI, 


The total number of cases examined by us with a view to diagnosis by spleen 
or liver puncture, with a few exceptions otherwise diagnosed, was 1,157 Of these 
480 were proved to be cases of kala-azar The majority of the remainder were 
cases of malaria, often proved by the finding of malarial parasites in the smears 
from spleen or liver, especially the latter A few cases of leiikocytlncmia were 
also met with The number of malarial cases coming for diagnosis and, one fears, 
often treated as cases of kala-azar at the treatment centres, may possibly be due 
to the great prevalence of quartan malaria m the districts m Assam where the 
Kala-Az^r Commission was working The great enlargement of the spleen, which 
IS often a feature of infection with quartan malaria, may readily deceive the 
climcian in a distnct where both diseases are prevalent 

Another condition simulating kala-azar was frequently met with by us, which 
unfortunately pressure of other work has prevented us from ever satisfactorily 
investigating This condition was usually met with m young adults who were, 
with few exceptions, males The patient presented outwardly a healthy appear- 
ance but, on examination, was found to possess an enonnously enlarged spleen 
This organ varied in size from a downward and right handed extension to the 
umbilicus to a condition in which it appeared to fill the greater part of the 
abdomen The history of the case was always of many years duration, ranging 
from five or six to fifteen years In some cases no history of any illness could be 
elicited while a few cases gave vague and indefinite accounts of occasional fever, 
but the reason for the appearance of most of the patients before us was confessedly 
no real illness but merely the discomfort of the enormously enlarged spleen No 
malarial parasites were ever found'^m any of these cases in the peripheral blood, 
nor did the latter present any other unusual features Smears from liver and 
spleen puncture material were equally void of information 
Results oe examination oe eilms oe peripheral blood in Kala-azar 
The figures dealt with by us in succeeding sections relate almost entirely to 
cases examined by us m the course of field work during the years 1925 and 1926 
This penod is chosen in order to enable us to investigate m some, detail a definite 
and limited number of consecutive cases, but some of the conclusions drawn by us 

are based on a much larger expenence, m support of which we have no definite 
figures to offer 


In the table given below are set forth in the briefest manner the mam facts 
whidi have emerged from our investigation, while succeeding sections deal with 
further points which have been investigated 
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TotaI( number oE parasites observed, and their distribution in 

INDIVIDUAE cases 

In the 358 cases showing parasites in the peripheral blood 3,210 parasites m 
all were observed This gives an average of observed parasites per case of 9, and 
an average per slide of 2 3 

As an indication of the distribution m consecutive cases of the parasites 
which go to make up the total given above, we may give the numbers found in 
20 unselected consecutive cases showing parasites in the peripheral blood These 
cases showed individually the following numbers of parasites, 8, 11, 5, 8, 5, 7, 
6, 7, 4, 8, 10, 1, 3, 14, 8, 2, 2, 11, 3, 18— Total 141 

The largest number of parasites seen in four slides in a single case was 174, 
and the largest number seen in a single slide was 70 * 

Distribution oe the kalvazar parasites in the blood 
The slides taken by us were usually made from the finger blood, but in some 
cases they were made from other parts such as the toe or even ear There 
appeared to be no appreciable difference depending on the source of the blood 
As regards the distnbution of the parasites in the blood from any single 
source, this also appeared to be practically uniform Thus, the number of para- 
sites seen m each of the four slides from any individual case was comparatively 
uniform, the small differences not being greater than could readily be accounted 
for by slight differences m the size and shape of the four individual smears In 
other words, our general experience supported the statement that the distribution 
of the parasites in the blood was more or less timform for any particular case 


Distribution of the parasites in cells in individual cases 


This factor showed considerable variation, both as regards the type of para- 
sitised cell most frequent in any individual case, and as regards the unity or 
multiplicity of the parasites present in infected cells Thus, some cases showed 
a great preponderance of infected polynuclear cells over other cells, others showed 
a preponderance of mononuclear cells infected, while in some the parasites were 
fairly evenly divided between these two vaneties of white cells 

Another difference noted was that some cases showed a great preponderance 
of infected cells containing only one parasite each, while others showed many 
cells with multiple infections In some cases, again, both single and multipre 
infections were common 

• As already stated the largest number of parasites seen in a single slide 
was 70 Cells containing more than four or five parasites were almost invanably 
mononuclear cells As an example of a case showing many parasites the follow- 
ing detads are given of the case m which 174 parasites were observed in four 

slides These parasites were contained in cells as follows 

Polynuclear cells— 86 parasites, including 15 multiple infections 


1 ^ '^hich the number o 

slides was 432 and the largest number m one slide 183 The largest numbei 


one cell was 41 


parasites in four 
of parasites m 
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oocysts of the greganne which forms the subject of tins commumcation The 
next occasion on which Oie parasite was encountered was m 1923, also in Assam, 
when C S Swaminath, working on the kala-azar enquiry of the Indian Research 
Fund Association in Assam, under the direction of Major H B Shortt, iMs, 
noticed in dissections of certain sandflies, similar bodies to those previously men- 
tioned by Mackie 

Since the determination by the Indian Kala-azar Commission of the nature 
of the parasite it has been intermittently studied, as opportunity permitted, and 
the results of this study are embodied m the descnption here given of the hfe- 
history and morphology of the parasite 

GBNBRAB ACCOUNT OF THE PARASITE 

Percentage of flies parasitised Monocystis nmcktei was first studied by us 
in PJilebotomus argenhpes caught in nature No accurate record was kept at 
the time of the percentage of flies parasitised, as other subjects of more import- 
ance engrossed the attention of the Commission, but it is certain that the percentage 
is a high one It was noted that the number of parasitised flies relative to 
those which were free of parasites vaned from time to time, but it was uncertain 
to what extent this was dependent on the season or the locality from which the 
flies were obtained 

Although, then, exact figures cannot be given for flies occurring in nature, 
It is at least certain that the percentage of flies naturally parasitised in Assam is 
not under 25 per cent 

The same uncertainty does not exist in the case of flies bred in the laboratory 
Here, owing to the crowding together of large numbers of flies, whether adult or 
larval, within very circumscribed limits, the chances of infection of the larval 
stages of the fly are increased to an extent which gives an infection rate in the 
emerging adult flies of 100 per cent This is the case whether the flies are bred 
from the adults caught in nature or from flies which were themselves bred in 
the laboratory In the former case, the 20 or 30 flies liberated into tlie 
oviposition jar, must contain a considerable proportion of infected individuals 
each liberating hundreds or thousands of oocysts, so that all the larvee eventually 
become infected, while in the latter case, as has already been stated, all the flies 
are already infected and the larvae hatching from their eggs invariably become 
so by ingestion of the oocysts 

Relationship of stages in the life-history of M maclaei to stages in the life-histor\ 

of its host 

Forms of the parasite seen in the adult fly — In adult flies, the parasite mav 
be encountered in several forms to be considered separately below — 

(c) Barge, or adult gregarmes 

(b) Vanous stages in pseudoconjugation and sporogony 

(c) Oocysts 

Large or adult gregarmes (Plate BI, fig 1 and Plate BIV, fig 15) — These 
forms are in appearance typical acephaline coelomic gregarmes and, with the 
other forms to be mentioned below, will be more fully descnbed in the section on 
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This clinical form was first described by Dodds Price (1917) and later mentioned 
by shortt (1923) Dodds Price makes the statement that in a senes of such cases 
Major Mackie, IMS, found parasites in the peripheral blood in 15 out of 23 
cases, a much higher percentage than that obtained by him in other cases in Assam 
This type of case is characterised by extreme asthenia, and is a severe type of the 
disease Mackie (1915) was of the opinion that parasites were more readily 
found in the peripheral blood of this type of case than in that of cases of the 
ordinary type At one time we were inclined to agree with this opinion, but a 
larger expenence now inclines us to believe that there are no sufficiently definite 
grounds to justify this distinction 

(c) Effect of the stage of the disease on the parasite count 

Mackie (1915) has recorded his opinion that the stage of the disease, i e , 
whether early or advanced, seems to have little effect on the parasite count so far 
as the finding of parasites or otherwise is concerned With this view we arc in 
general agreement with one proviso to the effect that very early cases more 
frequently give negative findings than cases which are well developed or advanced 
Although parasites may be found in such early cases we have never seen one 
which yielded a high parasite count There is no such distinction, on the other 
hand, between cases which are merely well developed cases of kala-azar and those 
which are very advanced , 


(/) Effect of activity of the disease on the parasite count 
This we believe to be the most important factor influencing the occurrence 
of parasites in the peripheral blood In the course of examination of some 
thousands of spleen and liver smears, it has become evident to us that L douovam 
does not always exhibit in the organs the same degree of vital activity as evidenced 
by active multiplication Every now and again one comes across a smear which 
is at once picked out from the rest by the presence of much larger numbers of 
dividing forms This we look upon as evidence that, at the particular time this 
is noted, the disease is making active progress by rapid multiplication of parasites 
The result of this is the rapid engorgement of the endothelial cells with parasites, 
their consequent destruction in large numbers, and the engulfing by new cells of 
the liberated parasites Under these conditions it is natural that the phagocytic 
cells m the blood also should ingest the liberated parasites in greater numbers 
with a resulting high parasite count in the peripheral blood 


We believe this periodic exacerbation to be a normal occurrence in untreated 
cases of kala-azar, the disease developing progressively in a senes of leaps, rather 
than exlubiting a general uniform and orderly progress The periods of ’exacer 
bation are accompamed by raised temperature and all the concomitant factors of 
an active disease process, while the mtervemng periods are penods of comparative 
or even absolute apyrexia If this conception of the established disease be correct 
It would explain the increased parasite rate noticed as tlie result of a Zsed 
temperature since both these factors would be not interdependent, but tlie like 

oTl mrSur ’ " multiplication 
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(c) Intracellular forms of the parasite 
((?) Large or adult gregarmes which may be 

(1) within the lumen of the gut 

(2) within tlie body cavity 

Oocysts ((Plate LIV, figs 16 and 17) These are readily found in the 
alimentary canal although the cyst wall appears to be rapidly acted upon by the 
.ntestinal fluid and the sporozoits are thus quick'ly liberated 

Sporosotts — (Plate LII, fig 7) These may often be found in the gut in 
very large numbers when the larvae are derived from heavily infected adults 
If tlie larv« are fed upon the dead bodies of infected flies, sporozoits may some- 
times be seen in the gut in enormous numbers Typically they are leaf-shaped or 
resemble a short broad spear point In heavy infections, large numbers of sporo- 
zoits may be seen literally swarming around the epithelial cells of the gut preliminary 
to their penetration of these In order to do this, the sporozoits have first to pene- 
trate the peritrophic membrane of the gut but appear to have no difficulty in 
doing this 

It IS certain that large numbers of the sporozoits never complete their life- 
cycle and must be destroyed in the gut and got nd of m the faeces If it were 
not so, the body of the fly could never contain the large number of adult gregarine-j 
which would be produced Although the sporozoits may be found in any part of 
the alimentary canal of the larva there is a tendency towards the concentration of 
the parasites in the more posterior parts of the gut 

Intracellular parasites — (Plate LII, fig 8) These are present as the result 
of penetration of epithelial cells of the gut by the sporozoits As stated in the 
preceding section, there is a tendency for the sporozoits to collect in the mor^* - 
posterior parts of the intestine and there is consequently a similar concentration 
of intracellular forms in this situation The intracellular forms are never seen 
in large numbers and it seems probable that their growth and subsequent libera- 
tion from the epithelial cells, either as a result of their own activity, or as a 
result of the destruction of these cells must be a comparatively rapid process 
Another reason for the relative paucity of such forms at the time of examination 
of any individual larva is probably to be found in the fact that, as already 
mentioned, only a few sporozoits go on to complete their life-cycle As, however, 
the larva can become infected at any phase of its existence, it must continuafiv 
be ingesting fresh oocysts so that by the time it ceases feeding and is ready to 
pupate, it has repeatedly acquired fresh infections and its final parasite content is 
the sum of those more fortunate sporozoits which have succeeded in establishing 
themselves in an intraepithelial habitat 

Adult gregarmes — (Plate LI, fig 1 end Plate LIV, fig 15) In sections of 
infected larvae it is at once seen that the conditions present are very dis- 
similar to those obtaining in the adult fly In the case of the latter it wa<- 
stated that all the gregarmes were coelomic in habitat, in the larvae, on the other 
hand, the preponderance of the adult forms is seen to be within the lumen of the 
intestine In sections of heavily infected specimens, many gregarmes may be 
seen, sometimes lying m parallel rows, separated by the cells of tlie intestinal 
canal (Plate LII, fig 9) This double habitat, divided by the wall of the 



537 


Tl, 1^ Shoitt, Siibas Das and Chranp Lai 

2 In proved cases of kala-azar, parasites in the penplieral blood can be 
found by direct microscopical methods in 78 7 per cent of cases without prolonged 
examination 

3 The influence of various factors affecting the parasite count in the pen- 
pheral blood is discussed 
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show an indistinctness of outline at one part'^f their circumference, sometimes 
even amounting to a ragged edge m the smaller and younger individuals, which 
may lepresent the portion of the surface layei of the parasite which was most 
intimately attached to its host cell 
Ectoplasm 

Epicyte — -(Plate LIV, fig 15 ) This layer is well-developed It is, of 
course, owing to its peripheral situation not readily demonstrable in sections of 
gregarines but may be conveniently studied in isolated whole individuals stained 
*by iron-hsematoxylin If such a preparation be examined it will be found that 
the cuticle exhibits well-marked longitudinal striations completely encircling the 
greganne 111 the dii ection of its longest diameter 

Each striation seems to extend the whole length of the greganne and possiblv 
forms a complete circuit of the body The strife he stnctly parallel to one 
another except at the poles of the parasite and are separated from onfe another 
by about 5 to 1 /< varying witb the size of the greganne Slight undulationa 
on the surface of the body of the greganne as shown by differences in focus are 
reflected in corresponding curves in 'the longitudinal stnations 

Sorcocyic — ^This layer is readily demonstrable especially in fresh prepara- 
tions where it appears as a cleai hyal+ne outline to the parasite In stained pre- 
paiations, whether ot the whole parasite or of sections, it is less in evidence 
Myocyte — This layer, if it exists, is not easily demonstrable In some 
stained preparations, however an indication of longitudinal folds m the super- 
ficial structure ^f file parasite is seen, and these can be brought more fully into 
evidence by sliding the cover-slip so as to bring them into greater prominence b> 
some degree of torsion of the parasite by rolling In a few preparations we 
have also seen some scanty trans\crse strife which may also belong to this layer 
1 'he longitudinal folds menlioned in this section are not to be confused with the 
longitudinal strife of the epicyte 

Endoplasm — In the fiesh condition the adult greganne has a distinctl) 
opaque ground glass appearance This is possibly due to the markedly granular 
nature of the endoplasm The nucleus ^id even the karyosome can be very 
distinctly seen Cytoplasmic inclusions, when present, Are also easily discernible 
In specimens stained with iron-hsematoxylm, the cytoplasm is seen to be very 
markedly granular This appearance is fairly uniform throughout the substance 
of the cytoplasm but is less marked m the neighbourhood of the nucleus and of 
any cytoplasmic inclusions which may be present The result of this rarefaction 
near the nucleus or the cytoplasmic inclusions presents, in optical section, the 
appearance of a pale coloured halo around the nucleus or other body Thw 
phenomenon is not an uncommon one ni other protozoa and on the assumption 
of a very fluid constitution of the endoplasm, is probably due to the effect on the 
granular contents of the endoplasm of surface tension at the cifcumferences of 
the mtra-cytoplasmic bodies 

The question as to whether the granular appearance seen in such fixed and 
stained preparations represents a close approximation to the granular structure 
which IS actually present in the living individual we consider to be more than 
doubtful The statement often made in textbooks that wet-fixed preparations of 

« / 
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INTRODUCTION 

The gregarme parasite which forms the subject of this description was first 
recognised as a gregarme by the Indian Kala-azar Commission, then under the 
direction of Lt -Col S R Christophers, ciE, QBE, Ers, IMS, and was 
mentioned m the departmental reports of that body in October 1924 It was 
subsequently recorded by the ancillary kala-azar enquiry at tlie Calcutta School 
of Tropical Medicine m their departmental quarterly reports The first record, 
1 owever, of the parasite was almost certainly that of Mackie (1915) when work- 
ing on kala-azar m Assam in 1914 He described certain bodies seen by him in 
Phlcbotoimis sp as ‘ capsulated and hyahn-hke in fresh preparation — oval 
m shape with slight polar protraction, resistant to stains except in the case of 
some individuals which revealed a new marked azurophilic nuclear figuring’ 
The descnption of these bodies corresponds with the appearance of the oocysts 
of the parasite as seen m the fresh state in dissections of Plilcbotoiiiiis ai^gcutipes, 
and the species of PUchoionms concerned was said to contain mammalian blood 
As the only species feeding on mammalian blood likely to be commonly en- 
countered in the area where Markie was working is Phlchotomus argenUpes, 
ihere is the strongest presumption that the bodies reported by him were the 

( 639 ) 
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karyosome They are bounded b> a very distinct and perfectly circular dark- 
coloured outline and the space within them appears to be of a lighter shade than 
the ground colour of tlie karyosome 

Their significance is not known, but they appear to be constantly present and 
possibly represent vacuoles in the karyosome 

Cytoplasmic mchiswns — ('Plate L,IV, fig 15) In most stained preparations 
there are present one or more bodies more darkly stained than the ground-work 
of tlie cytoplasm These bodies are usually more or less sphencal and, while 
varying in size, are usually about 4 /< to 5 }< in diameter They present no charac- 
teristic structural features and give the appearance of being mere local concentrations 
of the granules which are elsewhere more evenly distributed They are constant 
neither in number nor in their position m the body of the parasite and probably 
are not essential structures When present, they exhibit tlie ‘ halo ’ effect already 
mentioned when describing the nucleus 

In the fresh state, the body of the gregarine is noticeably granulai m appear- 
ance This granular structure causes the parasite to be markedly opaque and 
gives It a characteristic ground-glass appearance when seen by reflected light 
When seen by transmitted light, on the other hand, the granules appear to be 
light brown or yellowish in colour The nature of these granules is uncertain but 
the fact that the fresh parasites take up a uniformly intense stain in lodme, point": 
to the likelihood that they are composed of glycogen or paraglycogen 

The young intracellular greqanne — (Plate L,II, fig 8) This is only met 
with in the larval stages of the fly In its earliest form it tends to be spherical 
in shape and is placed between the nucleus of the gut cell and its free margin in 
the lumen of the gut As the gregarine grows it tends to become more nr 
less triangular in shape, the angles being rounded and tl^e base of the triangle 
being directed towards the lumen of the gp.it, while the apex forms the point of 
attacliment of the parasite to its host cell There is no special organ of attacli- 
ment 

Sis,e — This naturally varies with tlie stage which the greganne has reached 
By the time the greganne has completely destroyed the host cell and is about to 
become free, it measures about 23 4 }i in its longest diameter 
Shape — This has already been dealt with in a previous section 
Cytoplasm — The descnption given of the cytoplasm of the adult holds good 
for the intracellular forms with a few qualifications We have not been able to 
demonstrate the myocyte in intracellular forms and it is possible that it may not 
be developed at this stage as there can be no necessity for any movements of the 
parasite The endoplasm is granular like that of the adult but the granular 
structure is somewhat finer m texture The nucleus, with its single karyosome, 
appears to be identical m structure with that of the adult, differing only in'its 
Smaller size It bears about the same relation in size to the body of the parasite 
as in the adult 

The newly-r el eased sporozoits tm the ahmzntary canal of the larva — 
(Plate LII, fig 7) 

^jse —The sporozoit when released from the oocyst measures about A Sp- n’ 
length and 1 S M m greatest breadtli 
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morphology They are distributed tliroughout the body cavity of the insect but 
are never found within the lumen of any part of tlie alimentary canal The 
largest numbers are usually found in the abdomen and they appear to cluster 
together especially m the neighbourhood of the internal reproductive organs In 
the thorax of the insect, most of the parasites are found on the ventral aspect, 
but any situation may be invaded and fiequently considerable numbers of parasites 
may be found occupying even the legs of the fly throughout a great parPof the 
length of the femora On one occasion a parasite was seen occupying a position 
on the dorsal aspect of the head and indenting the supra-oesophageal ganglionic 
mass 

Stages in pseudoconjugation and <:pO)ogony — (Plates LI and LIU) All 
stages in the evolution of the parasite, from the preliminary association of two 
adult gregannes to the final production of oocysts containing eight sporozoits, are to 
be seen in the adult fly The two adult gregannes which approach one another 
in the preliminary stage of pseudoconjugation are somewhat elongated and 
apparently identical in appearance As their contiguous margins are applied to 
one another, the plane of junction becomes flattened so as to appear a practically 
straight line in optical section A slight indentation or sulcus in the general 
spherical or subspherical form of the associated parasites marks the line of junc- 
tion of the two individuals The cyst wall which forms around the two gameto- 
cytes is delicate and little in evidence at this stage As the successive stages m 
pseudoconjugation, commencing with the division of the nucleus m each individual 
and ending with the production of male and female gametes, are proceeding the 
containing cyst wall (gametocyst) becomes more clearL defined but is never at 
any stage other than a comparatnely delicate structure The process of pseudo- 
conjugation, so far as we have seen, always takes place in the portion of the 
coelomic cavity contained within the abdomen and more espeaally in its more 
posterior two-thirds 

Oocysts — (Plate LIV, figs 16 and 17) These, the final product of sporo- 
gony, have a broad spindle shape and may be seen either still contained within the 
gametocysts in which they were produced, or they may he apparently free within 
the body cavity They are often present in such large numbers as to monopolise 
at least two-thirds of the entire space within the abdomen of the fly (Plate LIU 
fig 11) 

Forms of the parasite seen m the pupal stage of the fly — Considerable 
numbers of pupae, representing stages from those recently formed to those whicli 
were nearly ready for the emergence of the fly, have been examined The only 
stage of the greganne encountered in any of these has been the adult form 
In the pupa, as in the adult, it is often present, as would necessanly be the case, 
m large numbers, and the individuals may be located in any -part of the bodv 
cavity but only rarely in the most anterior parts near the head 


-In the larvae, the 


Forms of the parasite seen in the larval stage of the fly ■ 
parasite may be encountered in four forms, viz — 

(a) Oocysts yhch haw been newly ,’ngested and sbll conlam the sporozo.ts 

^"^cdTof “*"“*'"8 the epithelial 
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Under favourable conditions of lighting this mass may be seen to be composed of 
numerous sporozoits but in such a preparation they cannot confidently be counted 
In specimens stained by iron-hEematoxyhn, the structure is readily made out In 
this connection it should be pointed out that fixation of these bodies is somewhat 
difficult owing to the resistant capsule and special methods must be utilised Li 
sucli a preparation it is at once apparent that the oocyst contains eight sporozoits 
applied closely to one another in a tight bundle Although their general arrange- 
ment in the oocyst is such that their long axis is in the long axis of the 
oocyst, yet they are placed as it were ‘ head to tail ’ if the broader end may be 
called the ‘ head ’ and the nariower the ‘ tad ’ This makes for economy of space 
and, since the nuclei are not quite centrally placed in the sporozoits, results in the 
nuclei being fairly evenly distributed over the oocyst instead of occurring in an 
equatorial band as they would have done had the sporozoits all been similarlj 
orientated The contained sporozoits, although somewhat more attenuated owing 
to pressure, are almost identical in structure with the free forms described m the 
preceding section The nuclei of the sporozoits are usually of the first type 
described, viz , with two polar masses of chromatin, but the other types are also 
seen When the oocyst ruptures in the alimentary canal of the larval sandfly 
this rupture appears to take place at one or both poles of the oocyst at the 
position occupied by the projection described The sporozoits always emerge 
from the openings so made and, as this happens, the oocyst wall becomes 
crumpled and folded like a half-inflated rubber ball as it loses the support of its 
previous contents 

Various stages in psciidoconjugaiton and sporogony 
The iiczoly foiincd gaiiictocyst — (Plate LI, figs 2 and 3) The two gre- 
garines which are going to associate m pseudoconjugation are usually somewhat 
elongated and shaped like crescents with blunt extremities 

Instead of the inner margin of the crescent being concave, it may be nearly 
straight or even slightly convex The individuals come into close apposition with 
then less convex surfaces adjoining As they approximate more closely the 
plane of junction of the two gregarmes comes to be practically flat and is 
represented in optical section as a straight line A definite cyst, the gametocjst 
IS now formed enclosing the associated individuals 

Sicc — ^The size of the gametocysts shows considerable variation In longest 
diameter they may vary between extremes of 152 1 /x arid 66 3 /( 

Shape — The shajDe oi the gametocyst is spherical or a broad oval Unlike 
the free gregarmes, whieh show much plasticity and can be altered m shape by th"' 
pressure of surrounding objects, the gametocysts appear to be rigid structures 
md mainta n their spherical form wherever they may be situated 

Slrucluie — The individuals associating appear to be identical No difference 
between male and female gametocyte is discernible In structure of the cyto- 
plasm and nucleus they appeal to differ m no way from the typical adult gre- 
ganne as described m a previous section 

Division of the nuclei of the gametocytesi — Soon after formation of tnc 
gametocyst 1116 nucleus m each individual divides Not many forms have been 
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ahmentar)' canal can be similarly demonsti ated m flesh preparations from dis- 
sections of larvjc The adult gregarmes lying within the gut appear to be 
present not among the intestinal contents themselves, hut to be lying between 
the gut cells and the pei ili ophic membrane 

MORPHOLOGY 

The multiplicity of forms met with in parasites of the order Eugregarinda, 
representing successive stages in the life-histor) , are, on the whole, remarkably 
uniform throughout the ordei This same multiplicity, however renders a des- 
cription of the morphological characters somewhat tedious since each phase irf 
the life-fiistory requires its own separate description For this reason only those 
stages in the life-histor> are here considered which represent definite steps from 
one form to another, and intermediate forms such as the growing gametocyte, 
which differs onl} in size from the fully-grown adult, have as far as possible 
been omitted from the description The stages to be considered from the mor- 
phological point of view arc enumerated below and will be treated in detail 
senatim They are — 

(fl) The adult gregarme 

(&) The young intracellular gregarme 

(c) The newly released sporozoits m the alimentary canal of the larva 
{d) The oocysts 

(c) Various stages in pseudoconjugation and sporogony 
The adult giegarinc (Plate LI, fig 1 and Plate LIV, fig 15) 

Size — The adult gregarme varies considerably m size "if this is computed 
simply by measuring the greatest length and breadth of an individual The 
reason for this is that the parasite, besides having the power of movement where- 
by it can voluntarily lengthen and shorten its body, is also considerably com- 
pressible, so that It may by the pressure of surrounding bodies be greatly dis- 
torted in outline An average individual in a state of quiescence, and undistorted 
by its surroundings, measures about 101 4 }i m length and 78 /a in greatest^ 
breadth Larger and smallei individuals are common apart from the disturbing 
factors mentioned ^ 


Shape — ^Apart from the effects of voluntary movements and of pressure 
from surrounding objects the natural form of isolated adult gregarmes m the 
living condition is pear-shaped The narrow end of the pear contains less 
granular material than the rest of the body and may even be almost completely 
hvalme In specunens wet-fixed and stained, the parasite is more or less egg- 
shaped, 1 e , the general outline is ovoid, but, as a rule, one pole is somewhat 
broader than the other The pear-shape is preserved if tlie speamens are first 
fixed in vapour of osmic aad 


Consistency of body The body of the parasite is probably semi-fluid or at 
least gelatinous in consistency This is evidenced by its ready plastiaty which 
allows It to conform to the irregularities of its general surroundings Similarly 
^vo or more greganne. compressed together assume a flattened shape at the 
planes of junebon with each other (Plate LIII, fig 11) ^ 

thp definite organ for attaching the gregarmes to 

ther^ce^hosts can be denaons.«te<J, bn, .he n,a,on.y of 'sola^vTdUs 

19 


550 Monocystis mackiei lY Sp PaMSihc in V aigentipes 

5 As the chromosomes reach the extremities of the spindle they again 
break up into comparatively large granules The spindle is now considerably 
attenuated in its middle (Plate LIV, fig 18/) 

6 The spindle parts in the puddle and for a short time a part of it nuy 
be still visible in the form of a comet’s tail attached to each of the new nuclei 
(Plate LIV, fig ISp) 

7 The new nuclei acquire a nuclear membrane as a very temporary measure 
liut rapidly proceed to repeat the process of division (Plate LIV, fig 18/i) 

Sporogony 

Gametes — (Plate LI, fig 6ci) As soon as the multiplication of nuclei is 
complete by which’ time there are present in the gametocyst some hundreds of 
nuclei, there is an organisation of the cytoplasm around the nuclei to form an 
equal number of fully developed gametes These gametes, whether derived from 
male or female gametocyte, appear to be identical in structure and size and seem 
to be evenly distributed throughout the substance of the gametocyst The nucleus 
in each is subspherical and has a nuclear _membrane The chromatin is m the 
form of several large masses distributed irregularly on the Imin network The 
c3^oplasm is vacuolar in appearance 

Zygotes — (Plate LI, fig 6b) The male and female gametes appear to 
unite as soon as they are iully developed, and we have not been able fully to 
follow the process in detail The resulting zygotes now rapidly secrete around 
themseh'es an impermeable membrane and assume a broad spindle shape similar 
to the oocysts already described e have been unable to obtain enough material 
exactly at this stage to enable us to desenbe the nucleus of the zygote The 
reason for this appears to be that tlie nucleus of the zygote without any resting 
stage proceeds immediately to divide It loses its nuclear membrane, if such 
was present, and is seen to be composed of an aggregation of large granules of 
chromatin A spindle is formed in the cytoplasm but, as in the case of previous 
divisions, although the spindle may be well seen no definite centrosomes can be 
distinguished The granules of chromatin separate and proceed to the two poles 
of the spindle which is usually disposed somewhat diagonally to the long axis of 
the zygote The division appeals to be always an unequal one, the chromatin at 
one pole of the spindle representing only a fraction of the whole This smaller 
mass, sometimes apparently represented liy one large dot only, appears to be got 
nd of in some way as it does not, at a later stage, appear to be present It would 
^appear, therefore, that this act of division representing the first division of the 
zygote is definitely a meiotic division The remaining nucleus in the zygote, an 
aggregation of large granules of chromatin, does not appear to acquire any definite 
nuclear membrane but proceeds at once to a rapid senes of divisions ending in the 
production of eight sporozoits in what is now called the oocyst The first of 
these divisions is readily seen and is definitely by mitosis, the process being 
similar to that already described for the zygote at its reduction division except 
that the division is now equal The two subsequent acts of division to produce 
eight sporozoits are less easily 'itudied on account of the limited space within 
which they occur, but there is 'no reason to believe that tliey differ in any 
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tissues give a true picture of tlieir actual constitution and stinctiiie, is demonstrably 
false It IS true that where an oiganism or cell has certain comparatively rigid 
structures, whethei of endo])lasmiL or ectoplasmic otigin, stuictures such as i 
flagella, axostyles, cilia and membranes, these structures aie pieserved m wet- 
fixed pi eparations, in a condition closely similar to then* Condition in the living 
organism When, however, the substance to be fixed is the fluid or semi-fluid 
substance of endoplasrri the same faithful preservation of form and structure 
cannot be achieved In the case which we are considering, tlie endoplasm of the 
adult gregarme, the granular structure in the form revealed m wet-fixed prepara- 
tions stained with iron-hsematox)>lin is almost certainly an artefact A very 
similar structure can be produced by the fixation of vaiious organic fluid or semi- 
fluid substances which in their fresh condition have certainly no granular struc- 
ture Thu^ a picture very similar to the endoplasm' of the gregarme can be 
obtained by fixing such a fluid as the water of condensation of NNN medium 
where the fresh fluid is certainly not granular in structure The granular struc- 
ture obtained in the gregarme in fixed pi eparations, therefore, probably bears 
no close resemblance to the actual granular constitution or structure of the endo- 
plasm, but IS the result of the coagulation of its more fluid constituents which, in 
the process, become aggregated in small masses which give the characteristic 
granular appearance 

N‘iicleu<s — (Plate LI, fig 1 and Plate LIV, fig 15) The nucleus of the 
adult gregarme is a large spherical or subspherical body measuring about 30 ]i m 
its longest diameter Its position m the body is usually eccentric There is a 
distinct and well-marked nuclear membrane If an iron-hseinatoxylm prepara- 
tion lie modera+ely decolourised the nucleus is presented as a much darker 
structure than the cytoplasm Placed eccentrically is a large densely-staining 
spherical or subspherical karyosome measuring 8 to 10 }( m diameter, with a ' halo ’ 
surrounding it, similar to that described around the nucleus The general appear- 
ance IS such that, if one were to imagine the body of the gregarme removed, the 
nucleus itself could easily be mistaken for a complete gregarme, the karyosome 
representing the nucleus This will at once become evident from a glance at 
Plate LI, fig 1, representing an adult greganne The contents within the nuclear 
membrane are more densely granular than the cytoplasm itself but otherwise 


present a not dissimilar appearance The nature of these granules is not known 
but they do not appear to be chromatimc m nature In a specimen differentiated 
to the moderate degree mentioned the karyosome, which is more or less spherical, 
is a densely black eccentric mass showing no details of structure 


If the differentiation of the gregarme be earned further, the intenor of the 
nucleus may become almost clear while there is presented' the appearance of a 
very distinct and well-marked nuclear membrane In the clear area within this 
ftere may be a few granules which have not the appearance tj^pical of chromatm 
ihere does not appear to be any tendency to aggregation of chromatin on the 

concentrated m the karyosome If differen- 
ation IS earned far enough the karyosome is found to present a more or less 

hoLTl to 2 ;i in 'diameter The "b d 

/ n diameter The bodies appear to occupy any position in the 
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sections, to be even more numerous within the lumen of the gut than m the 
coslomic cavity Whether in tlie pupal ^tage the lumen-dwelhng gregannes are 
destroyed, or whether they then gam the coelomic cavity we are unable to say 
The former alternative seems unhkely, and we have never seen any evidence of 
the destruction of gregannes within the gut m the pupal stage of the fly On 
the other hand, their passage fiom gut to coelomic cavity is difficult to explain 
even if it occurs during the reconstitution of anatomical elements m\ lived in the 
destruction of the larval gut and the building-up of the adult gut If there were 
first a complete breaking down ot the larval gut before the reconstitution ot tha* 
of the adult one could understand the liberation of the contained parasites in:> 
the coelomic cavity, but this, so far as we are aware, does not occur If, on the 
other hand, the adult gut is formed around the larval gut, one would expect the 
gregannes to retain their position inside its lumen We feel sure that the explana- 
tion of the phenomenon requires only a competent knowledge of the processes 
involved m the reconstitution of anatomical elements taking place m the earliest 
stages of pupation 

The emergence of the adult fly initiates fresh activity on the part of_ the 
gregarines The adult gregannes lapidly proceed to associate m pairs, male and 
female (pseudoconjugation), wuthin the body cavity and each associated pair 
becomes surrounded by a cvst wall the gametocyst This association takes place 
irrespective of whether the fly feeds or not The individuals within the gameto- 
cyst do not fuse but remain distinct entities 

Each proceeds by a process of mitosis to increase the number of its nuclei 
until there are some hundreds present within the gametocyst When the sum of 
nuclear divisions is complete there is a concentration of cytoplasm around each 
nucleus to form an equal number of separate bodies, the male and female gametes 
Those which are present on the surface of the gametocysts cause each a slight 
local bulging of the surface to give it a tuberculated contour somewhat like a 
raspberry, although the bulges aic less marked than m the fruit The male and 
female gametes are identical m appearance and they now unite m pairs to form 
zygotes Each zygote, the whole still contained within the original gametocyst, 
now becomes surrounded by a tough membrane and assumes the shape of a broad 
spindle Within this membrane, the zygote proceeds to divide by mitosis three 
times, With the production of eight sporozoits The resultant body is the oocyst 
This retains the broad spindle-shaped contour with small terminal knobs and has 
an extremely resistant capsule Ihc oocysts are still contained within the wall of 
the original gametocyst As the process just described is repeated many times m 
the same fly there come to be present numbers of these cysts contauung fullv 
developed oocysts These press upon one another and are also subjected to great 
pressure by the mass of developing eggs in the ovary lof the fly The result of 
this mutual compression appears to be the degeneration of the dividing walk 
between the common oviduct and the oocyst-containmg cysts, with the resulting 
invasion of the oviduct by mas^e' of fully-developed oocysts These may m cases 
be numerous as to fill at least two-thfrds of the whole abdomen and, at 
oviprtsition they may be seen to emerge in hundreds with each egg laid, thereby 
providing for the infection of the next generation of flies 
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SJiapc ^The shape assumed as soon as it is a free individual is very constant 

and resembles a conventional leaf-shape It may also be likened to a short broad 
spear head There is a definite periplast which serves to preserve the typical 

outline of tlie parasite 

Cytoplasm —Tbeie is no evidence of any differentiation into layers as in the 
case of the adult gregarme Even if present, such layers would be difficult to 
demonstrate on account of the small size of the liodies The cytoplasm in 
stained preparations is generally finely reticular or vacuolar in structure and 
closely resembles that seen in Lnshmama or Lcptomonas prepared in a similar 
manner A few granules are sometimes seen but appear to be accidental pio- 
ductions and may not be really intracellular 

Nucleus — The nucleus is a characteristic structure and does not resemble 
the nucleus of the adult It is usually ovoid, of large size, occupyingTrom one- 
third to one-quarter the length of the body and geneially eccentric in position, 
being placed somewhat nearer the broader end of the body 

ft may at times be subsphencal in shape. The greater diameter is usually 
in tlie long axis of the parasite but it may be diagonally placed There appears 
to be a distinct nuclear membrane staining a darker colour than the ground colour 
of the nucleus There is no indication, as in the adult, of the constant presence 
of one definite karyosome On the contrary, there are characteristically present 
two or more masses which appear to be true chromatin masses These masses 
vary in their disposition in the nucleus, hut four variations are commonly found 

(a) There may be a comparatively large mass of chromatin at each pole 
of the somewhat elongated nucleus 

(b) Similar to (a) but with the two chromatin masses joined by a central 
rod of chromatin 

(c) Where there are somewhat smaller masses of chromatin similarly 
placed, but accompanied by still smaller masses placed on the nuclear membrane 
between them, one on either side 

(d) Where four approximately equal masses of chromatin are placed on 
the circumference of the nuclear membrane at approximately equal distances 

IWnle these dispositions of the chromatin appears to be those most commonly 
seen, there are necessarily many variations caused by different orientations of 
the parasite " The important feature, however, is that instead of one definite 
karyosome as m the nucleus of the adult, no such body is characteristically present 
in the free sporozoits, and the chromatin of the nucleus is typically divided up 
into two or more separate bodies 


T/ic oocysts —(Plate LIV, figs 16 and 17) 

aboufg measures 

about 9 o in length and 5 S /x in greatest breadth 

Sltape— The shape is that of a broad spindle Instead of the hvo Doles 
coming to a point, tliey terminate m knob-like projections The effect fs to 

Structure In fresh preparations, the oocyst is seen to be comoosed nf 
surroun mg tough transparent membrane enclosing a highly refractile mass 
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ExpI,ANATION of PlvATt, LI 
Fig 1 Adult greganne 

I Earliest stages of pseudoconjugation — gametocytes in apposition 

Early stage of nuclear multiplication in gametocyst — 8 nuclei present 
Later stage of nuclear multiplication in gametocyst 
(a) Nuclear multiplication in gametocyst completed — ^hundreds of 
gametes present 

(&) Formation of zygotes m gametocyst 
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seen at tins particular stage where the first nuclear division is occurring, but, in 
the cases observed, tlie division appears to be a very simple process No evidence 
of the complicated mitotic division described for some gregarines was seen but it 
is possible that the study of more ample material at this stage would have 
revealed some such process This seems the more probable since later stages in 
division, when a considerable number of nuclei are present m each individual, are 


certainly mitotic in character 

The gainetocyst zvlicii each gregivinc contains join to eight nuclei — (Plate LI, 
fig 4) Once division commences within the gametocyst it continues with 
extreme rapidity so that nuclei in a state of complete rest are seldom if ever seen 

The nuclei at this stage appeal, as they do throughout to be identical in the 
two mdunduals The typical appearance of the newly formed nuclei is as follows 
The nucleus is spherical oi subsphencal and measures 4 1 }i in diameter There is 
a very distinct nuclear membrane on which there are arranged numerous masses of 
cliromatin These vaiy in number from two or three only up to a condition where 
they form almost a complete ring, a condition m which the individual masses aie 
small in size Occupying a central or slightly eccentric position is a single distinct 
karyosome Between this karyosome and the periphery of the nucleus, numerou'' 
masses of chromatin are scattered over the limn network In some cases the masses 
on the nuclear membrane appear to be connected across the nucleus by delicate rods 
of chromatin 

The gainetocyst tn the later stages of division of the nuclei of the gameto- 
cytes — (Plates LI, and LIU, figs 5, 12, 13 and 14) When the nuclei in each 
individual contained in the gametocyst ha\e reached a large number, the method 
of division becomes more evident, both because there are so many dividing nuclei 
to exanune and because the cytoplasm of the two individuals seems to become 
somewhat more finelv granular and to stain less densely, and thus the finer details 
of nuclear division are less apt to be obscured If a gametocyst in this stage be 
examined, the dividing plane between the twm contained individuals will still be 
evident, but no differences are noticeable in the characters of their respective 
nuclei The inajonty of the nuclei will be found m some stage of division These 
stages represent a definite mitosis and the sequence now given appears to be the 
order in which the stages occui (Hate LIV, fig 18) 

1 The spherical nucleus described in the last section (Plate LIV, fig ISn) 
loses its nuclear membrane and the chromatin is represented by numerous fairly 
large masses No definite centrosome is visible (Plate LIV, fig 18b) 

2 The chromatin tends to assume the form of short thick rods irregularly 

represents the formation of chromosomes 

(Plate LIV, fig 18c) 


3 These cliromosomes split and there is the formation of an equatorial zone 

of chromosomes In the meantime a distinct spindle has been forming although 

no defini^ centrosomes are at any tune visible (Plate LIV, fig 18d) 

nn 1 ^ The chromosomes separate from one another, presumably after splitting 

and proceed towards the hvo poles of the spindle, which is now very distinc and 
mav measure as much as 8 m in „ uisnnct ana 

fig. 180 , " (Hate LIV, 
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particular from the first division The resulting oocyst with its eight sporo/oits 
has already been described 

LIFE-CYCLE 

The preceding' description has already touched upon most of the phases seen 
in the hfc-cycle of Monocysii^ machci and it only remains to marshal and connect 
in tlieir proper sequence these successive phases For this purjiosc it seems most 
convenient to commence at the stage where the larval Phlcholomns a> gcntvpcs 
acquires its infection 

The adult sandfly m oviposition deposits its eggs scattered singly over a 
small area Each egg deposited is accompanied by what can only be described 
as a ‘shower’ of greganne oocysts These ooc}sts are lying in the common 
oviduct of the fl>, and the impuLe which drives out the eggs ejects also the 
parasites When the sandfly lari a emerges from the egg, it is at first compara- 
tively quiescent and does not move far from the place where it hatched out It is 
necessarily surrounded by the oocysts of the greganne, which, owing to their 
resistant em elopes, have remained unaltered while the sandfly egg was developing 
The first food taken by the lan^a is, therefore, accompanied into the intestine by 
numbers of greganne oocysts These oocysts, reacting to their new environment, 
discharge their contained sporozoits, in the manner already described, among the 
intestinal contents The sporozoits now appear to be irresistibly attracted to the 
gut wall, make their way through the pentrophic membrane and literally swann 
around the epithelial cells of the gut wall The more posterior parts of the gut 
are especially the seat of this invasion A certain number of the sporozoits 
succeed in invading the epithelial cells but the majority presumably fail to do so 
Those which have thus acquired an intracellular habitat increase in size at the 
expense of their host cells, to one part of which they appear to be attached, 
until the host cells are completely destroyed and represented only bj a shrunken 
compressed residue The destruction of the host cell now releases the greganne 
either into the alimentarj^ canal, where it lies between the epithelial lining and 
the pentrophic membrane, or into the body canty of the larva where it may 
lodge Itself in any situation to which the body cavity extends The growth of tlic 
fly larva is accompanied by the growth of the gregarmes until these have acquired 
theit adult size In a half grown larva gregarmes at various stages may be seen 
since the oocysts continue to be eaten and develop as long as tliedarva continues m 
infected surroundings Sections of a larva at this stage show many gregarmes 
with a coelonuc habitat but a stifl greater number occupying a position inside th^ 
alimentary canal, not among the food contents, but lying behveen the epithelial 

orthe^san(% condition persists throughout the life 

If, now, a fly m the pupal or adult stage be examined, an entirely different 
picture is presented The ccelomic gregarmes are present as before but those 
vhich had their habitat inside the alimentary canal have completely disappeared 
In many hundreds of sections and dissections we have never seen a sitS 
garme within the alimentarj^ canal m either the pupal or adnit f 
rn .... on .,e Chen Han., .Hey a.e re^.^/Sn^Hot fn 
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Kahn Test Equipment for Syphilis 

(as originally designed by Dr, R L. Kahn of Michigan, and 
used in Leprosy Research Laboratory, School of Tropical 

Medicine, Calcutta.) 


Kahn test tubes 
V lals, 2 drams, flat bottom 
Kahn pipette, 1 o c X Ij 100th 

Ditto 2(10 00 X lllOOOth 

Ditto 5 0 c 

Kahn Rack, copper, 30 holes in 3 rows 
Test tube basket, small, 4^^ X S'' X 4" 
Thermometer, 110 C , 

Kahn Standard Antigen, 5 o.o 
Ditto 25 0 0 

0 > , in the alternative, the following — 
Bacto Beef heart, dehydrated 
Bacto Cholesterol 


Rs 6|- per gioss 

As -|5 doz 

Re 1 1 12 each 

Rs. 3(- each 
Re 1|- each 
Rs 5|- each 
Re. 1|4 each 
Rs. 2|8 each 
„ 6]- per phial 

„ 26j- per phial * 


Rs 3)- per 25 grams 
„ 6l- per 5 grams 


We are Sole Agents of “ BACTO” and “ GLASCO” Products We aie 
orticial makeis of above articles 

A special illustrated pamphlet describing the method and technique 
of KAHN test will be gladly sent to CLINICAL workers, on receipt 

of annas four m stomps. 


Sole Agents and Stockists : 

SClENTinC SUPPUES (Bengal) CO., 

29 to 32 , College Street Market, " Science Block,” 

CALCUTTA. 


Tofegrams 

" BITISYND," Calcutta 


Telephone 
Burra Bazar 524 




Explanation op Plats LIII 

Fig 11 Eongitudinal section of abdomen of P argenhpes showing 2|3 of tlie 
space occupied by oocysts of the gregarine Two gametocysts la 
different stages also present 

, 12 Two gametocysts, one indenting and compressing an adult greganne 

„ 13 Two gametocysts, one in an early stage of division, the other with 
the number of gametes complete 

, 14 Two adult gregannes compressed against one another One unruptured 

gametocyst containing fully developed oocysts 







Fig, 15 
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Fig .18 


Explanation or Pi ati LII 

Newly released sporozoits attacking the gut epithelium in larva oi 
P argentipes 

Young intracellular gregarine in epithelial cell of gut of larva of P 
ajgcuHpes Pentrophic membrane also shown 
Longitudinal section of larva of P argeuUpcs showing gregarines both 
withm the gut and m tlie body cavity 
Sagittal section of pupa of P argentipcs showing heavy gregarine in- 
fection 
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Functional Tcsts Sellctld 

The hver performs many and vaiied functions, but not much is known 
definitely about all of them Out of the functional tests devised to test some of the 
better -known functions, we have selected the following tests most frequently used 

in clinical laboratories — 

*" / 

(1) Levulose tolerance test based on the relation of the liver to 

^ carbohydrate metabolism 

(2) The Van den Bergh reaction, depending on the secretion of bile 

by the liver '' 

(3) Nitrogen partition of blood, based on the relation of the liver to 

protein metabolism 

(4) Bromsulphalein dye test of Rosenthal and White (1925) 


/ Method of Investigation 

All of these four tests were carried out on each patient at one time, thereb) 
making a complete study, and avoiding annoyance to the patient and the possible 
difference in the function if the tests were done on different days The procedure 
suggested by Rubenstone and Tuft (1926) was adopted 

The patient was prepared as for glucose tolerance test, i e , he was given no 
food after the evening meal The test was always started between 8 to 9 m the 
morning while the patient had not broken the fast The determined amount of 
levulose as indicated below was dissolved in about 150 cc of distilled watei 
and flavoured with a little fresh lemon juice, and also the calculated amount of 
bromsulphalein dye (prepared by Hynson, Westcott and Dunning) was drawn 
into a syringe and kept read) Then 10 c c of blood was drawn from a vein, 
5 cc was oxalated using Folm’s (1919) lithium oxalate cloth, and the remaining 
5 c c were allowed to clot for the separation of serum Immediately after the 
blood had been drawn the dye was injected into the same vein, and the patient 
given levulose solution to drink Blood was then withdrawn 30 minutes, one 
hour, two hours, and three hours after the injection The 30 minutes sample 
(about 5 c c ) was drawn from a vein of the other arm, about 2 c c was oxalated 
and the rest allowed to clot The remaining samples were withdrawn from 
the fingers by ^needle punctures, and oxalated The blood from the finger was 
allowed to drop into a small poicelam crucible containing a particle or so of 
lithium oxalate 

The serum, collected before the dye was injected, was used for the Van den 
Bergh test, and also as the standard for the dye test The oxalated blood 
collected before the injection was used for the determination of non-protem 
nitrogen, urea nitrogen and sugar The sample of serum drawn 30 minutes after 
the injection of the dye was used to determine the retention of the dye as described 
by Rosenthal (1925) Blood sugars were done on all the other oxalated blood 
samples 0 1 c c of the oxalated blood was taken up in an accurate 0 1 c c 
special pipette and laked immediately for either Folin or Hagedorn determina- 
'tion of sugar 




Results 
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^ second lovulopo tost done on H M on 2 2 27, tho first ono was done on 19-1 -27, patient’s condition was unaltered 
(o) This IS a second Van don Borgh tost done on 10 6 27, pationt tii extremis, the first teat vma done on 18-2 27 

(c) Urea dotormination done 28 hours alter blood was drawn 

(d) Less than 6 por cent , there was colour, hut weaker than 6 per cent standard 
















E\n,AN vnoN ot Pi atk EIV 

Fig 15 Adult gregaiine 'showing stnatuuis on ejiicjlc and one cjlnplasmic in- 
clusion 

„ 16 Oocysts as seen in fresh preparations 

„ 17 Oocysts stained with iron-hicmatoxyhn 

„ 18 Stages of mitosis in nuclear division within the ganietoc) sts 
(a) Resting nucleus with karyosOme and nuclear membrane 
(Zi) Nuclear membrane absent Karjosome disappeared and chroma- 
tin irregularly arranged in comparativclj laige masses 
' (c) Chromatin m thick rod-hke masses (chromosomes) 

(d) Splitting of chromosomes and formation of an equatorial bana 

Nuclear spindle picsent and nucleus becoming elongated 

(e) Separation of the split chromosomes to opposite poles of the 

spindle Nucleus much elongated >■ 

if) Aggregation of chromatin in irregular masses and constriction of 

nuclear spindle 

ig) Comet-like appearance of the two daughter nuclei after parting 

of the spindle at its centre 

{h) Tw'o daughter nuclei with nuclear membranes Ready to proceei 
at once to further division 
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In sprue the gastro-mteslinal tract is affected and there is marked emaciation 
The rise and retarded disappearance of levulose from the blood may be due to 
the same factors as are concerned in fasting animals in Mann’s experiments 
The repetition of the test in one case (R M ) who had yielded a rise of 91 mgs 
lasting for three hours a fortnight previously, gave a normal curve Obviously 
we cannot take levulose tolerance by itself a sufficient indication of liver 
inefficiency 

Nitrogen Partition of Blood — Normally urea nitrogen makes up from 40 to 
50 per cent of the non-protein nitrogen content of the lilood Of our eleven 
causes 111 which nitrogen partition was studied, four show urea nitrogen below 40 
per cent of the non-protein nitrogen and only two sufficiently below to he abnor- 
mal And we are doubtful about the accuracy of both of these results, as the 
detei iiimations were not done the same day the blood was drawn There was the 
techmca'l difficulty of distillation, and duplicates could not be done 

It IS also to be noted that although Bollman, Mann and Magath (1924) 
found no formation of urea m the dehepatised animals they were not able to 
demonstrate any decrease in its formation even in those animals where reduc- 
tion 111 the amount of hepatic tissue was greatest 

The Van den Beigh Reaetion — Although the mechanism of Van den Bergh 
reaction is not completely understood, some factors in connection with it have been 
made clear by Mann (1925) It is definitely proved that bilirubin is derived from 
haemoglobin , that though the liver does make bilirubin, more of it is made by the 
spleen and bone-marrow The amount of bilirubin formed and the rate at which 
it forms depend on several faclors, and one of these is the availability of haemo- 
globin The amount of haemoglobin available for making bilirubin depends on 
factors such as destruction of blood, diet, and loss of blood 

Rosenthal in his work on dye excretion by liver has shown that bilirubin 
circulates firmly bound to the serum proteins This prevents its elimination 
by the kidney Hall (1927) assumes that in the bound condition bilirubin does 
not react with diazo reagent to give an immediate direct Van den Bergh reaction 
The addition of alcohol to serum hbeiates biliiubm which now reacts witli 
diazo reagent to give the indiiect reaction of Van den Bergh Biliruliin combined 
witli serum proteins circulating m the blood-stream on i caching the liver is 
extracted by hvei cells and excreted along with the Inle salts into the bile 
canalicuh Bile salts evidently liberate bilirubin from its combination with the 
serum proteins, and bihrubtn in this state in the bile canalicuh, or after its absorp- 
tion into blood-stream, 4 f there is any obstruction to the outflow of bile, reacts 
directly with diazo reagent to constitute the immediate direct reaction of Van den 
Bergh test 

None of our cases gave an immediate direct reaction The indirect reaction 
varied from 0 4 to 9 9 units McNee gives the normal range of bilirubin 
from 0 2 to 0 6 units Six of our 12 cases show no more than 0 6 The readings 
for the other six are 0 8, 1 0, 1 1, 1 1, 4 0, 9 9 Tlie indirect reaction higher 
than the normal may mean the destruction of the red cells at a rate higher than 
the normal, or defective extraction of the bilirubin by the liver, or both But 
we agree with Gieene and Connor (1926) that the serum bilirubin m such cases 
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TherS are scattered references in literature to the efiect that the liver is 
affected in sprue Brown (1908) was one of the earliest writers to say that 
the liver was reduced in size in sprue even to about half its normal size Begg 
(1912) in his study of 100 cases, noted the reduction in the size of the liver as a 
most marked sign of active sprue He did not find the liver to he cirrhotic, 
but normal and merely reduced in size Even the reduction in size was evidently 
such that he found within 24 hours of administering the first dose of santonin 
the liver returned to the normal size, and the santonin in his opinion acted as 
a 'germicide' m the intestines More recently Mikeladze (1926), in reporting 
some (10) cases of sprue m Georgia states that the diminution in the size of the 
liver IS a, constant feature of all cases of sprue unless sprue, is complicated by 
malaria Wood (1925) on the contrary remarks ' the liver is vaguely described 
as atrophied, but there seems to be slight evidence tliat this atrophy is anything 
more than that shared by all the tissues 

The present study was, therefore, undertaken to see if modern functional 
tests would throw any light on the efficiency of the liver in sprue 

Thirteen cases of wHI marked sprue have been studied All the cases were 
such as could be clinically described as definite cases of sprue Emaciation 
passage of bulky, frothj and pale stools, specially m the morning, involvement 
of tongue, and anemia were the diagnostic features 

f fi53 t . 
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Summary and Conclusions 

Thirteen cases of well marked sprue have been studied Nitrogen partition 
does not reveal any inefficiency of the liver The bromsulphalein dye retention 
test has given negative results, except in one case in which it may well have 
been due to tlie extreme lowering of vitality generally on account of the 
approaching; dissolution — the test was done three days before the patient died 
Increase in the serum bilirubin in six cases, as shown by the indirect Van den 
Bergh reaction, indicates increased destruction of erythrocytes rather than defec- 
tive function of the liver If the liver had been at fault, the dye test would 
have shown a parallel letention Seven cases gave abnormal levulose tolerance 
curves, but on account of the non-specific nature of this test, and negative results 
yielded by the other tests, we cannot interpret our abnormal curves m terms 
of liver inefficiency In sprue, inanition may more likely be responsible for 
the abnormal levulose tolerance curves than the condition of the liver All 
the tests, except nitrogen partition, which was not done, give parallel results and 
point to liver inefficiency in one case (W G ) only, and as we have said before 
he was tn extremis 

Our investigation, therefore, shows that in sprue the liver is not affected to 
such an extent as to show impairment by liver function tests 

We wish to thank Lieut-Col F P Mackie, i m s , for his keen interest m 
this investigation and for his giving us the benefit of his large experience of sprue 
by confirming the clinical diagnosis of every case included in this study Our 
thanks are also due to Dr N Hamilton Fairley for suggesting this enquiry We 
are deeply indebted to Major P K Gilroy and Dr Jivraj Mehta and their 
colleagues for giving us evei-y facility to study sprue cases in their hospitals 
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The dosage of levulose used hy 'Spence and Brett (1921) and Tallerman 
(1923) was — 

To a person weighing 80 Icilos 50 gws 
Do 60 40 gms 

Do 40 , 30 gms 

For cotrvemence of calculation wc have made the dosage propoitional to the 
weight of the patient, and given gm of levulose per kilo body- weight Tns 
circumstance will not detract from comparativity of our results with those of 
other investigators The difference introduced is a slight one, and Tallerman 
asseits that his results with his 30 gm to 50 gm dose are strictly comparable 
with the results of other investigators who have used 100 gms as a routine dose 
The dosage of bromsulphalein was calculated on a basis of 2 mgs per kilo of 
body-weight We have used throughout a 5 per cent solution of the dye supplied 
in sterile capsules by Hynson, Westcott and Dunning The dosage of this 
solution in c c was obtained by dividing the body-weight of the patient in 
pounds by 55 

Methods oe Analyses 


Blood non-protem nitrogen and urea nitrogen were determined by Fohn’s 


(1919) method 

Blood sugars were done either by Fohn's new method or by Hagedorn’s 
methods, the t,wo methods agreed closely 

For Van den Bergh test we have used with, slight modifications, the improved 
technique described by McNee and Keefer (1925) We did not use caffeine 
sodium salicylate, its effect was inconstant For the sake of clearness we describe 
below the method used by us 

Direct reaction — Take 3 small test tubes (size 5 cm X 07 cm) and to 
each add 0 25 c c of serum to be tested To tube 1 add 0 2 c c of water and 
to tube 3 add 0 2 c c diazo reagent made freshly Wait for five minutes for 
the reaction to become complete in the control tube No 3, then add 0 2 diazo 
reagent to tube 2 We have considered the reaction to be positive if the 
reaction began within 30 seconds of the addition of reagent to tube 2 We have 
included the so-called biphasic leaction, when the leaction began before the lapse 
of 30 seconds, among the positive results 


Delayed reaction, where the reaction did not begin until after 30 seconds, 
we have included in our negative results 

Indirect reaction Take 1 cc serum to be tested in a 15 cc graduated 
centrifuge tube and add 0 5 c c freshly prepared diazo reagent After two minutes 
add 2 5 cc 95 per cent alcohol Stir with a rod and add 1 6 cc saturated 
ammonium sulphate solution Stii with a rod Centrifuge AH the resultant 
colour IS earned into the supernatant alcoholic solution and little or none goes down 
u nil the precipitale The quantity of supernatant fluid is read on the nraduahons 
of the cen rifuge tube and the dilut.on of the b.lmibin contained m one cc of 
senim ,s thus directly obtained This vanes from 2 to 3 cc The supernatant 

o“ icerTue ofT " "“'"'“S' “P 

1 § p co orimeter and compared against the standard solution 



APPENDIX 
Case Histones 

1 S K P , European male, aged 19 First attack, duration two montln 
Stools whitish yellow, pultaceous with gas, one or two in the morning Tongue 
sore, ventral surface raw, history of ulcer frenum Weight fell from 9 st 2 lbs 
to 7 st 12 lbs R B C 4 3 millions, polychromalophiha, poikilocytosis, no 
nucleated cells Hb 75 per cent (Sahli) Calcium in blood 10 8 mgs per cent 

2 W G , European male, aged 38 First attack, duration nine months 
Stools characteristic, two or three a day Tongue sore, histor}' of ulcers Ex- 
treme emaciation, weight, 5 st 10 lbs representing a loss of 4 stones R B C 2 5 
millions Amsocytosis, no nucleated cells Hb 65 per cent (Sahh) Calcium m 
blood senim 10 1 mgs per cent 

3 R M , European male First attack, duration six months Stools (day 
of examination) deep brown, bulky, and pultaceous Tongue said to have been 
sore Eoss of weight two stones R B C 3 3, millions, polychromatophilia, 
poikilocytosis, no nucleated cells Hb 75 per cent (Sahli) Calcium in blood 
serum 10 5 mgs per cent 

4 C S , Anglo-Indian male, aged 48 Second attack, three months’ duration 
First attack two years ago Stools five or six a day, fluid, yellow, but no gas 
Tongue not involved at time of examination, but gives history of soreness 
Emaciated R B C 4 1 millions, marked amsocytosis poikilocytosis and polycliro- 
niasia Hb 88 per cent (Sahli) Calcium m blood serum 10 8 mgs per cent 

5 S P , Anglo-Indian male, aged 40 First attack, duration one and a half 

months Stools, six or seven daily, light, soft and bulky Tongue, minute ulcers, 
dorsum, 6^ lbs loss of weight R B C 5 3 nullions, blood picture normal Hb 
70 (Sahh) Calcium in blood serum 10 3 mgs per cent 

6 C S a Anglo-Indian male, aged 26 Fifth attack duiation five months 

Four attacks during tire previous five years of various duration Stools, four or 
five daily, yellowish white, soft, bulky, gas present Tongue sore and congested, 
history of ulcers Host 32 lbs in weight during this attack, emaaated R B C 
1 4 millions Changes in size and colour of c6lls, but no nucleated cells Hb 

30 per cent (Salili) Calcium m blood 10 4 mgs per cent 

7 McA, European male, aged 32 First attack, duiation fortnight, gives 
history of ‘ indigestion ’ for tv^o years, no dysentery Stools, eight a day, pale 
bulky nnd frothy Tongue sore and congested Says has lost 2 stones during 
the last four years Not emaciated (When seen four months later, was 
extremely emaciated ) R B C 17 millions, poikilocytosis, amsocytosis and 

( 662 ) 
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Standard ^ dilution of unknown = Units of bilirubin 

The^ta'Iidard solution was made as suggested by McNee and Keefer (1925) 
by dissolving 2 161 gms anhydrous cobaltous sulphate in 100 c c water The 
colour of tins solution represents one unit or 0 5 mgs of bilirubin per litre of 

serum 


Discussion 

L/Cviilosc Tolctdiicc Test — McLean and de Wesselow (1921) did not find 
any marked nse in normals after ingestion of levulose They give no figures, 
but from Chart V of their paper it appears tliat in the only case charted they 
did not 'get a rise higher than 8 mgs after 50 gms of levulose Spence and Brett 
(1921) state ‘ The normal blood sugar curve after 50 gms of levulose can thus be 
represented by a continuous straight line from the original blood sugar level, or a 
line showing slight oscillatory deviation of 5 to 10 mgs per 100 c c from the ori- 
ginal level ’ King (1927) gives an average nse of 8 mgs from the fasting level in 
nonnal individuals — actual variation in his case was from 5 18 mgs Tallerman 
(1923) found an average rise of about 15 mgs for his normals Besides the actual 
value of increase in sugar level the duration of tlie rise is also a matter of 
importance In tlie normal cases ated, the blood sugar returned to the fastmg 
level within 1-^ hours Taking tlie highest figure (18 mgs ) of King (1927), we 
may say tliat a rise of 18 mgs coupled with the non-return of the blood sugar 
level to tlie fasting level in 14 hours is indicative of abnormality Judged by 
these standards seven out of our tliirteen cases of sprue show an abnormahty 
by the levulose tolerance test 

But what IS the validity of the test? Does an abnormal levulose sugar cur\^e 
really show hepatic luefiiciency, as distmct from inefficiency of tlie otlier tissues 
Evidence in favour is that Mann (1925) has demonstrated that tlie liver has au 
important function in relation to carbohydrate metabolism, and is concerned 
with maintaimng tlie blood sugar level which is a physiological constant The 
other authors cited who have used levulose as a test of hepatic efficiency find that 
an abnormal sugar curve is obtained m diseased conditions m which the liver is 
defimtely involved Against tins has to be considered tlie remarkable work of 
Maun and Bollmaii (1926) who found that when a glucose (or levulose) 
tolerance test is done on an animal which has been fasted for four or five days, 
tlie rate at which tlie blood sugar level returns to normal is very much retarded, 
much more so tlian in an animal 4j5th of whose liver has been removed, m the 
latter case retardation is only very shght, not lasting morfe than 60 minutes They 
also found that tlie intravenous injection of levulose into dehepatised dogs did 
not raise tlie blood sugar level, and came to the conclusion that the body can 
utilize levulose without the hver ^ 


Though tlie hver is a vital factor in carbohydrate metabolism, there are 
other hssuses equally concerned, for example, tlie pancreas and muscle The 
abnormal levulose curves obtained by vanous authors, m conditions in which 
the hver was involved may be due as much to tlie liver as to other tissues which 
may be involved at the same time The observation that the body can utLe 
levulose without tlie hver leaves us no other option ^ 
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IS an index to the severity of the haemolytic process rather than to the distilrbance 
in tlie liver - 

Fairley and Mackie (1926) m their series of 16 cases, noted indirect reaction 
higher than normal only m seven cases, and these figures when compared with 
figures for pernicious anaemia given by Andrews (1924) were generally lower 
They suggested that the indirect Van den Beigh reaction might be used for" 
differenbating sprue from pernicious anaemia We do not think this reaction can 
help us to distinguish the two conditions In the ‘first place, two of our cases 
and one of theirs gave figures as high as pernicious anaemia cases of Andrews — 

2 0, 4 4, 3 0 Secondly, notice has to be taken of the dynamic nature of the 
processes involved The indirect leaction is merely a measure of the amount of 
bilirubin in combination in the blood-stream, this quantity, if the liver be func- 
tioning normally, depends on the amount of the red cells available and the rate at 
which they are being broken up It is evident that in the course of any given case 
of perniaous anaemia, both these factors will vary within very wide limits and so 
will the indirect reaction Brown, Ames, Warren and Peabody (1925) who fol- 
lowed, in case of pernicious anaemia, the changes m the plasma bilirubin over a 
period of tune, report the close relationship between an increase m this pigment anc 
the clinical exacerbations of the disease Further Andrews’ (1924) figures do 
not give a comprehensive picture of the bilirubin changes in pernicious anaemia 
Greene and Conner (1926) repoiting twelve cases of this disease say ‘ In the 
majority (eleven) the amount of serum bilirubin was at the uppei limit of the 
normal or slightly increased beyond these limits ’ W e can say exactly the same 
of our cases of sprue Haemolysis is a feature of the disease, evidenced by the 
low blood counts (see appendix), the intensity of the process vanes from time 
to time ^and is reflected in the indirect reaction readings One of our cases 
(McA ) whom we examined at an early acute stage gave an indirect reaction of 

3 0 units , four months later the indirect reaction of the same patient was 2 0 
units, though the general condition of the patient was very much worse 

The Dye Test — In the bromsulphalein dye test of Rosenthal and White 
(1925) we have a liver function test of a type different from the other three tests 
used by us Extraction of the dye from tlie blood-stream depends on the liver 
alone, while m the other tests the liver was only one of the tissues concemed 
But It must be noted that though the test is specific for the liver, it is not clear yet 
whetlier it yields information on all tlie different functions of the liver 

Mann and Bollman (1926) found the retention of the dye most marked m 
those dogs that had lost the greatest amount of hepatic tissue But even in this 
case tlie retention was not proportional to the loss of tissue The dye was 
retained indefinitely if the dog was completely dehepatized, but appreciable reten 
tion did not manifest itself until a considerable amount (about 415) of the liver 
had been removed ^ 


^ obtamed m a pahent (W G) eUrem, he dieHtoee after 

.he tes. was doae Less .ban 5 per cent retenhon ,s too small to be si^jmScInt 
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The peripheral blood of the patients, who were di&gnosed as suflfenng from 
kala-azar by the clinical symptoms, aldehyde and antimony tests, was carefully 
examined for the presence of Leishman-Donovan bodies In those cases in 
which no organisms could be detected after a careful and piolonged search, a 
therapeutic dose of urea-stibamine (0 05 to 0 1 gm ) or one of the other antimony 
compounds was given intravenousl> and the blood was examined 10 minutes, 20 
minutes and 30 rmnutes after the injection Table A shows the results obtained 
in 13 out of a series of 26 cases examined in this way 

A perusal of the table will show that the slides of blood taken 10 minutes 
after the injection showed Leishman-Donovan bodies in 8 out of 13 cases, the 
slides taken 20 minutes aftei also showed the presence of the organisms in S 
out of 13 cases and those taken 30 minutes after showed them only in 2 out of 
13 cases It can he concluded, therefore, that the injection of antimony 
compounds has the effect of liberating these Iiodies from the endothelial celL 
and expelling them into the general circulation It would further appear that 
the action of antimony compounds in this respect is not very prolonged The 
highest number of parasites was found ten minutes after injection, they 
decreased m number in slides taken 20 minutes after, while they were presen* 
only in 2 slides taken 30 minutes after 

In Table B we have given results of a similar examination carried out on 
the remaining 14 cases of the series 

A peiusal of the table will show that most of these patients had clinical 
evidence of kala-azar and the aldehyde as well as the antimony tests were 
positive No Leishman-Donovan bodies were found m the peripheral blood and 
even after provocative doses of antimony were given, the blood was negative 
after a prolonged and careful search In these cases we further searched for the 
presence of the parasites by means of spleen puncture, where that was possible, or 
by means of blood culture examination where spleen puncture could not be done 
In the ‘ remarks column ’ of the table we have given the results of this examina- 
tion It will be seen that in 7 out of 14 cases examined we could not detect the 
presence of Leishman-Donovan bodies by these methpds The remaining cases 
were from the out-patient department and in these, further examinations by spleen 
puncture or cultural method, unfortunately, could not be done 


DISCUSSION 

From the above it would appear that intravenous injections of compounds 
of antimony in man, produce effects similar to those seen m lower animals, viz , 
engorgement and increase of rh}'thmic movements of liver and spleen Such 
phenomena would result in rupture of the endothelial cells and the liberation of 
the Leishman-Donovan bodies, contained therein, into the general circulation 
The extent to which this occurs will naturally depend on the condition of these 
organs In those patients in whom the liver and spleen are much enlarged, 
firm and inelastic owing to marked fibrotic changes in the reticulo-endothelial 
tissues, neither any marked degree of dilatation nor much increase in their 
rhythmic movements would be possible under these conditions 
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Antimony S + TpSvr’ “ “ ± = doubtful, ++ strongly positive? + + + very strongly) positive 











563 


Solhet/, Golhale, Malaudha) and Billimona 


achromia, but no nucleated celK Hb 40 per cent (Sahli) Calcium m blood 
scrum 10 4 mgs per cent 

8 Mrs N , Anglo-Indian female, aged 47 Second attack of one month’s 
duration Previous attack eight years ago Stools three or four in the morning, 
3 'ellowish, formed, not froth} Tongue congested up and sides Emaciated 
RBC 4 4 millions Ver}'* slight poikilocytosis Hb 70 per cent (Sahli) 
Calcium m blood serum 10 1 mgs per cent History of dysentery four years ago 

9 E W T W , Anglo-Indian male, aged 55 vSccond attack two months’ 
duration Previous attack four 3 fcars ago Stools six to eight daily, generally 
in the evening, pale yellow, bulky, soft but formed 'I'oiigue sore, congested 
patches, buccal mucous membrane Emaciated RBC 38 millions, poikilocy- 
tosis Hb 65 per cent (Sahli) Serum calcium 10 5 mgs per cent 

10 J D , Indian male, aged 37 Third attack, duration one month, 1st attack 
in 1924, 2nd attack in 1926, 1st and 2nd attacks characterised by diarrhoea and 
sore tongue Present attack longue is pale but not sore Stools one or two, yello- 
wish, formed, frothy Lost 20 lbs in three years RBC 12 millions, anisocy 
tosis, poikilocytosis, and achromia Hb 37 5 (Sahli) Serum calcium 9 9 mg;, 
per cent History of dysentery a year ago 

11 H C , Anglo-Indian male, aged 51 Second attack, duration six months 
Previous attack three years ago Stools three in the morning, whitish yellow, 
bulky and frothy Tongue congested and sore, blisters on tip Emaciation 
Loss of 3 St 6 lbs dunng the present attack R B C 2 4 millions, anisocytosis, 
and slight poikilocytosis, no nucleated cells Hb 55 per cent (Sahli) Serum 
calcium 9 8 mgs per cent 

12 Mrs G, Anglo-Indian female, aged 59 First attack, duration two 
months Stools three or four in the morning, pale, bulky and frothy Tongue, 
sore, congested and coated Patches on lips Emaciated RBC 28 millions,' 
amsocytosis No nucleated cells Hb 60 per cent (Sahli) Serum calcium 
12 2 mgs per cent 


13 N , Indian male, aged 30 First attack, says has lasted off and on 
for about a yeai Stools two or three a day, pale, bulky, frothy, but formed 
1 oiigue and buccal mucous membrane congested, patches and ulcers R B C 3 2 
millions amsocytosis, poikilocytosis No nucleated cells Hb 55 per cent fSahh . 
Serum calcium 9 9 mgs per cent ^ ^ 
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Whrn investigating the pharmacological action of organic compounds of 
antimony, the senior author noticed that intravenous injections of these com- 
pounds m animals produced a well marked increase in the volume of such organs 
as the spleen and the liver This increase, although definitely present with 
antimonyl tartrates, was not very marked, but small doses of organic compounds 
of antimony such as urea-stibarmne or Von Heyden s compounds produced a 
remarkable and persistent expansion of the spleen volume Not only does thH 
organ increase in size but its rhythmic movements are also strongly stimulated 
That a similar state of affairs is brought about in man after intravenous injections 
of antimonj^ corrfpounds in therapeutic doses, is shown by die fact that most of 
the patients complain of a feeling of fullness and discomfort in the region of 
the liver and spleen, especially the latter It seems probable that the dilatation 
of these organs is a part of the curative action of these compounds in kala-azar 
It IS well known that in this disease the spleen and the liver become the habitat 
of heishmania donovant Influx of large quantities of blood charged with 
antimony into these organs, probably facilitates the destruction of pathogenic 
protozoa present therein The Leishman-Donovan bodies he inside the 
endothelial cells present in various organs, engorgement and increase in the 
rhythmic^movements of which would probably rupture these cells, in this way 
liberating the parasites which find their way into the peripheral circulation 

At the suggestion of Rieut -Col H W Acton, i m s we earned out a 
series of observations to see whether this actually happens in clinical practice 


After the paper on An Experimental Investigation into the Organic Compounds of 
Antimony was published by the senior author, Dr Napier informs me that he tried the 
provocative action of antimony compounds on a few kala-azar cases His results, however 
were not published — N C. ’ 
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excised uterus of cats or rabbits was always inhibitory, the action on the guinea- 
pig’s uterus being less constant Acton (1921) summarised the action of quinine 
on the pregnant uterus as follows — Weak concentration as 1 in 300,000 produces 
no effect, concentrations of 1 in 150,000 produce contractions under certain 
conditions, while a concentration of 1 in 44,000 produces a tonic spasm which if 
sustained would cause asph)oxia of the foetus But this concentration would also 
cause severe toxic symptoms Concentrations of 150,000 such as occur with 
large doses in the body, increase the strength of the inteimittent uterine contrac- 
tion and in the presence /of a piedisposition or an exciting cause the pressure 
produced by the increased contractions might be sufficient to cause rupture of 
the membranes or dilatation of the os and so bring on laboui Seggelke (1921) 
found quinine satisfactory for therapeutic abortion by giving 10 c c of a 5 per 
cent quinine hydrochloride solution by vein plus the same dose intramuscularly 
This was of use only if contractions had started which were then re-mforced bi 
the drug At the same time cinchonism was fairly severe Acton (1922) showed 
that on the excised guinea-pig’s uterus quinine, quinidine, anchonine and cincbo- 
nidine acted as follows — (a) On virgin uterus In weak solution (1 in 75,000) 
all these alkaloids increase the amplitude of uterine contractions In stronger 
concentrations (1 in 20,000) they depress both the amplitude alid rhythm, the 
cinchonine series is more powerful than the cinchonidme series and the hydro 
alkaloids are more powerful than the natural alkaloids (b) On the multiparous 
uterus the behaviour is the same but the organ is more sensitive (c) On the 
pregnant uterus, the previous observations by the same author weie confirmed 
Meyer and Gottlieb (1926) m their text-books of experimental pharmacology 
state that while quinine, if greatly diluted, produces but slight increase in tonus, 
large doses'produce a relaxation Nelson and Thomas (1927) state ‘ Quinidine, 
like quinine, stimulates the uterus to increased rate and amplitude of 
contractions m the pregnant as in the non-pregnant state The stimulating action 
occurs through a relatively narrow range of concentration so far as the isolated 
uterus IS concerned and the toxic depressor eflfect is very readily obtained A 
marked or persistent increase m tOnus was rarely seen in isolated uterus, and no^ 
at all m situ In isolated uterus quinidine stimulates in smaller doses than 
quinine In the intact animal veri little difference was noted No experimental 
data have been obtained to show that quinidine might be more effective as an 
oxytoac tlian qumine ’ Two of us (R N C and J C D ) (1927) found that 
quinamine, a dextro-rotatory alkaloid of cinchona bark, is very powerful in its 
action on thq uterus of the cat and gumea-pig, dilutions as high as 1 in 500,000 
produang moderate contraction and 1 in 200,000 a well-marked tonic contraction 
It will be thus seen that a great deal of confusion exists regarding the action 
of cinchona alkaloids and their derivatives on the uterus , we therefore carried our ' 
a large series of experiments to study the comparative action of these compounds 
on isolated and intact uterus We not only studied the action of the principal 
alkaloids such as quinine, quimdine, cinchonine and cmchomdine but we also 
investigated the action of quinamine as well as some of the newer derivatives 
such as ethyl-hydrocupreme or optochm, etliyl-hydro-cupreidme, iso-heptyl-hydro- 
cupreine, iso-heptyl-hydrocupreidine and iso-octyl-hydrocupreine or vuzm The 
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The cases in Table B showed no parasites alter injections of antimony com- 
pounds and we could not detect any parasites by spleen puncture or cultural 
methods These findings are interesting as our clinical experience shows that 
there is a fair proportion of cases who give positive aldehyde and antimony 
tests, who show a leucocyte count of under 4,000 per cubic m m and whd 
appear clinically to be suffering from kala-azar and yet by none of the 
methods at our disposal can we detect the presence of Leishman-Donovan 
bodies This is especially so in cases in which kalar-azar infection co-exists 
with malarial infection These cases generally react very well to antimony 
injections,' and where a slight elevation of temperature still persists after the 
course, a few doses of quinine bring the temperature down to normal Why 
Leishman-Donovan bodies are not found in the peripheral blood or even in the 
liver and spleen it is difficult to say Is it posbihle that in some cases the 
parasites are confined to such organs as the bone-marrow or other tissues and 
are difficult to get at? or is it possible that the presence of the malarial protozoon 
IS inimical to Lejshviama douovani^ The two parasites have however been 
seen to exist together m the same organs Those experienced in kala-azar work 
know that it is not always possible to get Leishman-Donovan bodies by jnincture 
or cultural methods in cases which clinically are kala-azar and which also give 
positive aldehyde and antimony tests Sometimes repeated punctures of spleen 
or liver have to be done or repeated ^cultures of peripheral blood have to be taken 
before a positive result is obtained 

In aU the slides taken after injections of antimoii)' compounds a well marked 
leucocytosis was noticeable This, in our opinion, is due to the engorgement 
and increased rhythmic movements of the spleen and liver 

We tried to make a quantitative estimation of the parasites present' in 
patients whose blood was positive to LcisJuimnia donovam to see what effect, 
the injections of antimony compounds pioduce on the number of these organisms 
circulating m the peripheral blood The results, however, were so variable that 
no useful information could be gained 


SUMMARY AND CONCLUSIONS- 

(1) Animal experiments show that injections of antimony compounds 
produce a well marked increase in the volume of such organs as the liver and 
the spleen and that there is also a remarkable increase in the rhythmic movements 
of these organs That a similar state of affairs is brought about in man, after 
intravenous injections of these compounds, is shown by the fact that most of 
the patients cornplain of a feeling of fullness and discomfort after the injection 

(2) This is further borne out by the fact that in many cases the engorge- 
ment and increased rhythmic movements produce rupture of the endothelial cells 
and liberation of Leishman-Donovan bodies into the general circulation The 
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We have noticed that when the tone is definitely raised the amplitude of the 
contractions has a tendency towards inhibition irrespective of the concentrations 
of the alkaloids used 

Cmchonidvie 
(See Graph II ) 

On the cat’s uterus — Cmchonidine has little or no action on the virgin uterus 
in situ, rarely it shows a slight increase in the amplitude of contractions after 
doses of 5 mgs intravenously The multiparous non-pregnant, as well as the 
pregnant uterus respond in a similar manner ' 

The tone of the isolated virgin uterus is stimulated by such dilutions as 1 in 

100,000 at pH of 7 2, but if the h>drogen-ion concentration is changed to 7 6, 
1 m 200,000 dilutions also cause similar stimulation and a tome contraction is 
produced (Graph II a) Higher concentrations like 1 in 50,000 and more also 
produce a moderate increase m tone 

The excised multiparous uterus behaves similarly (Graph II b) 

On the guMiea-pig’s uterus — The isolated virgin uterus shows a slight 
increase in the amplitude of contractions m dilutions of 1 in 150,000 (Graph II b) , 

1 in 100,000 and 1 in 75,000 dilutions produce increase in the tone of the organ 
Avbich becomes more marked when the strength of the solution is further increased 
(Graph II c) Weaker dilutions such as 1 m 200,000 do not produce any effect 

Cinchonine 

(See Graphs H and III ) 

On the cat’s uteius — 5 mgs of cinchonine given intravenously produce a 
marked tome contraction of the virgin uterus m situ (Graph II rf) Increase in 
tone with acceleration of rhythm are produced in the case of the non-pregnant 
multiparous uterus (Graph II e) The pregnant uterus responds with a well- 
marked tonic contraction and increased rhythm (Graph II f) 

On the isolated virgin uterus, dilutions of 1 in 150,000 produce an increase 
in the amplitude of the rhythmic contractions while 1 m 100,000 to 1 in 50,000 
solutions produce a definite tonic contraction of this organ (Graph III a) The 
pregnant uterus responds with increased amplitude of contractions to dilutions 
of 1 in 100,000 (Graph III b) , stronger concentrations from 1 in 50,000 to 1 in 

20,000 produce a marked increase of tone with acceleration of the rhythm (Graph 
III c) 

On the guinea-pig’s uteius — The isolated virgin jiterus does not respond to 
high dilutions such as 1 in 200,000 but concentrations of 1 in 150,000 to 1 m 

20,000 or more produce a marked and lasting tonic contraction (Graph III d, e 
and f ) The pregnant uterus is much more sensitive in this respect (Graph 
HI g) 

Quimdine 
(See Graph IV ) 

On the cat’s uteius — Qumidine does not produce quite consistent results 
on the intact uterus of these animals when administered intravenously in doses 
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The pharmacological action of the derivatives of cinchona bark has been the 
subject of study by various investigators, but a perusal of the literature shows 
surprising variations in the findings based on experimental data Kurdinowsk' 
(1^6) stated that quinine strongly stimulated the contractions of the excised 
uterus Zanda (1910) obtained relaxation of the excised uterus with qumidine 
though cinchonine and cinchonidine acted similarly to quinine Worth Hak 
(1914) found that cinchonine, cinchonidine and quimdme induced strong con- 
tractions of the uterus with an increase in strength and regularitj^ of the 
Spontaneous movements and that the seat of action was directly on the muscle 
Quinine was considerably weaker than the other three alkaloids , ^iiinidine sulphate 
was the most active and appeared to be ten times as efifective as quinine These 
results were further confirmed by the same author (1916) by a series of experi- 
ments on the intact animals Biberfeld (1916), on the other hand, obtained onlv 

relaxation of the uterus with quinine in concentrations of 1 — 5,000 to 1 10,000 

but this according to Sollman was probably due to some technical error Smith and 
Fantus (1916) stated that the action of ethyl-hydrocupreine or optochin on the 
uterus, in the intact animal as well as on the isolated organ, was essentially like 
that of quinine Bylsma (1920) quoted by Sollman, found that the action of 
iso-oct)d-h>drocupreme or wizine, iso-amyl-hydrocupreine and quinine on the 

( 571 ) 
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Achon of Cinchona Alkaloids on the Ute)us. 


with higher concentrations the effect is proportionately increased (Graph V f) 
The isolated pregnant nleiii'? responds to dilutions of 1 in 500,000 with a tonu 
contraction and increase of ihythmic movements The effects are more markei 
with higher strengths (Graph V g) 

\ 

Bthyl-hyd'tocupi erne oy opfochm 
(See Graph VI ) 

On the cat's uterus — On tlie virgin uterus in situ, intravenous injections of 
5 mgs produce a tonic contraction with diminution of the amplitude of automatic 
contractions (Graph VI a) On the multiparous non-pregnant uterus the action 
IS not so marked, thei e being usually a big contraction which partly relaxes leaving 
the organ in a state of increased tonus (Graph VI b) On the pr^nant uterus 
optochin ‘appears to have little or no effect (Graph VI c) 

On the isolated organ dilvitions of 1 m 200,000 slightly increase the tone, 
while 1 m 100,000 and more, produce a well-marked tonic contraction (Graph 
VI d, e and /) 

On the gutnea-pjg's utei us — On the isolated organ, the action is essentially 
the same as on the cat’s uterus (Graph VI g) 

# 

Hthyhhydrocupreidine 
(See Graph VII ) 

On the cat's uterus — Doses of 5 mgs given intravenousl} produce an increase 
of amplitude of the rhythmic movements of the uterus in situ (Graph VII a) In 
the case of the pregnant and non-pregnant multiparous uterus, this effect is more 
marked and often a tonic conti action is produced, with acceleration in the rhythm 
of contractions (Graph VII h and c) 

On the isolated organ, dilutions from 1 in 200,000 to 1 m 20,000 hardly 
produce any noticeable effect (Graph VII d) 

On the guinea-pig’s ufous — The virgin uterus responds with a well-marked 
tonic contraction with dilutions from 1 m 200,000 to 1 m 100,000 and less, the 
effect \^ries directly with the strength of the solutions (Graph VII e and /) 

Iso-heptyl hydrocupi eine 
(5'e/Graph VIII) 

On the cat’s uterus — Doses of 5 to 10 mgs given intravenously produce 
little or no effect on the uterus in situ (Graph VIII a) , rarely there is a very 
slight increase in tone On the excised organ dilutions of 1 in 100,000 to 1 in 
20,000 have little or no effect (Graph VIII b) 

On the gutnea-ptg's uterus — Concentrations from 1 in 200,000 to 1 in 20,000 
produce little or no’eftect on the isolated guinea-pig’s uterus, with strong solutions 
sometimes a diminution of the amplitude of contraction is' noticed (Graph 
VIII c) 

Iso-heptyl hydrocupi eidine 
(See Graph VIII ) 

On the cat’s uterus — The effect of iso-heptyl hydrocuprcidine is stronger 
than tliat of iso-heptyl hydrocupreine Intravenous injections of 5 mgs cause a 
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four alkaloids qiimme, qmmdine, cmchomne and cinchomdme were nianufacture 
by Merck’s and were further tested and purified by Dr S' Ghosh, the Professor 
of Chemistry and his Assistant Mi N R Chatterjee, and quinamme was kind*y 
supphed to us by Mr G E Shaw, Qumologist to the Government of Bei^l 
Some of the derivatives of the cupreine and cupreidme series were prepaied by 
Messrs Howard and Sons, while others were synthesised by the chemists of the 
Cinchona Enquiry We are very grateful to Lt -Col H W Acton, IMS, for 
giving us sufficient quantities of these compounds for our tests 

Our experiments were done on the uteri of cats and guinea-pigs _The action 
in situ was studied by a modification of Barbour’s method described by Chopra 
and David (1927) The isolated uterus was studied by the techmque described 
by Dale and Laidlaw, Fleish’s solution being used for perfusion The hydrogen- 
ion concentration of tlie solution was usually kept at 7 2 but we also did a numbe’- 
of expenments at 7 6 We noticed that while m tlie case of the isolated cat’s 
uterus tlie organ worked most effectively in a solution with pH of 7 6, the 
guinea-pig’s uterus worked best at 7 2 It was also obseived that dhe guinea- 
pig's uterus was more sensitive and responded more readily to weak concentrations 
than the isolated uterus of the cat 


{See Graph I ) 

On tlw cat’s uterus — Tlie virgin uterus in situ shows slightly increased 
amplitude of the automatic conti actions with 5 mg doses given intravenously 
(Graph I a ) , the multiparous uterus behaves similarly The pregnant uterus 
shows well-marked tonic contraction with 5 to 10 mg doses, especially when the 
pregnancy is advanced, at the same time exliibiting increased rhythmicity (Graph 
I c and d) In eaily pregnancy there is often no definite increase in tonus but 
the amplitude of individual contractions is markedly improved (Graph I b) 

On tlie isolated cat's uterus, solutions of 1 m 200,000 to 1 m 100,000 at pH 
of 7 6 produce increase of tone in both tlie virgin and the multiparous non- 
pregnant uterus (Graph I e) , there is, however, decrease m the amplitude of the 
contractions with acceleration of their rhythm There is no response to dilutions 
such as 1 in; 200,000 when tlie pH of the perfusing solution is 7 2 Stronger 
concentrations such as 1 m 50,000 and more, produce a well-marked increase in 
the tone of th6 organ The isolated pregnant uterus (early pregnancy) is not 
markedly affected by concervtrations of 1 in 100,000 or more, these merely 

produce a slight increase in the amplitude and rhythm without definitely increasing 
the tone of the organ ^ 

On the isolated guinea-pig’s uterus— In concentrations of 1 in 20000 the 
tone of tlie vir^n uterus is increased (Graph I /) , with lower concentrations the 
rhythm is usually accelerated without any definite increase in tone The multi 
parous uterus behaves in exactly the same way A pregnant uterus usually gives 

„r: : r ‘ - ■■■ 

as 1 .n20,0«fp^sodueea 

the contractions (Graph I f) amplitude of 
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Action of Cinchona Alkaloids on the Uterus 


We have found that when quinine ib given intravenously in 5 mg doses to 
pregnant cats under anaesthesia weighing 2 to 2 5 kilos, a powerful tonic contraction 
IS produced if the pregnancy is far advanced, but in early pregnancy no such 
tonic contraction is produced In this also we confirm Acton’s ‘findings (1921) 
He found that quinine in dilutioiu^ of 1 in 150,000 increases the strength of the 
intermittent uterine contractions and in the presence of a predisposition or an 
exciting cause, the pressure exerted might be sufficient to cause rupture of ^the 
membranes or dilatation of the os and so bring on labour Our experiments 
show that the oxytocic action of quinine is quite pronounced when the uterus 
is nearly full term or when labour is on, but in early cases of pregnancy, beyond 
slightly increasing the amplitude of the automatic movements no untoward effect 
is likely to be produced 

With regard to quinidine the literature cited is most confusing While 
some workers like Zanda (1910) obtained only relaxation, others like Worth 
Hale (1916) have claimed that this alkaloid was about 10 times as strong as 
quinine in its stimulating effect on the uterus We have also been faced with 
some apparently contradictory lesults dunng the course of our experiments, 
but we have been able to draw some general conclusions On the virgin uterus 
m situ, a relaxation sometimes preceded by a contraction is produced, on the 
pregnant uterus under the same conditions relaxation is never produced, but 
on the o'ther hand both the tone and the rhythm are improved, especially when 
the pregnancy is advanced This relaxation never occurs m the isolated organ 
and It is difficult to understand why it is obtained only in tlie virgan uterus 
in situ 

Quinidine is slightly more powerful than quinine on the isolated uterus, 
both pregnant and non-pregnant, but quinine has a deadedly stronger action on 
the pregnant uterufe in situ In agreement with the findings of Nelson and 
Thomas (1927), no experimental data have been obtained by us to show that 
quinidine might be more effective as an oxytocic than quinine and we are there- 
fore unable to confirm the finding of Worth Hale that quinidine is ten times 
stronger than quinine 

Iso-octyl hydrocupreine presents some features similar to quinidine It 
has a very marked action on the intact and isolated multiparous and pregnant 
cat’s uterus, causing tonic contractions In the virgin uterus an situ, however, 
relaxation is produced preceded by a small initial contraction Vuzin appears 
to have a toxic action on the animal which is as marked as that of quimdme, 
a great fall of blood pressure is produced in both cases followed sometimes b> 
convulsions This toxic action may possibly be a contributory factor in causing 
relaxation 

Ethyl-hydrocupreidme produces marked tonic contractions of the cat’s 
uterus, both in the pregnant as well as the non-pregnant states On the isolated 
uterus of the guinea-pig also similar marked effects are noticed even in dilution 
as high as 1 m 200,000 But curiously enough, hardly any noticeable effect is 
produced on the isolated uterus of the cat even in such high strengths as 1 m 
20,000 within a range of pH from 7 2 to 7 6 The cause of this discrepancy 
is not understood . 
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from 5 to 10 mgs On the virgin intact uterus, 5 mgs produce a well-marked 
relaxation, sometimes preceded by an initial contraction (Graph IV a) In some 
of the animals we noticed that the respirations stopped after the drug was 
administered, at the same time there was marked relaxation of the uterus, the 
breathing could not be revived even after continued artificial respiration In the 
multiparous non-pregnant uterus-this relaxation effect is not observed so often, 
nor IS the imtial contraction marked (Graph IV b) The uterus m early pregnancy 
shows a well-marked contraction after injection of quiradme which is not tonic 
m character (Graph IV c) , in advanced pregnancy there is improvement in both 
the tone and the rhythm of tlie contractions (Graph IV d) 

On the excised virgin uterus, quinidine produces an increase in the amplitude 
of the contractions in dilutions ot 1 in 150,000 at pH of 7 2, when the pH is 
changed to 7 6, 1 in 200,000 dilutions cause a marked tonic contraction (Grapli 
IV e) With higher concentrations these effects become more marked (Graph 
IV f) On the multiparous non-pregnant and the pregnant uterus 1 in 100,000 
to 1 m 50,000 concentrations increase the amplitude and rhythm of the automatic 
contracbons (Graph IV g) 

On tJw gmnea^ptg’s uterus — The virgin uterus shows tonic contracbons 
with dilubons of 1 in 75,000 to 1 in 20,000, the effect becoming more and more 
marked as the strength of the solution is increased (Graph IV h and i) Higher 
dilutions have no marked effect The pregnant uterus shows definite increase ot 
tone and rhythm with dilutions of 1 in 100,000 (Graph IV _;) Higher dilubons 
have httle effect while stronger concentrations produce a marked tonic contracbon 
of the organ (Graph IV fe) 


Qmnannne 
{See Graph V ) 

On tlie cat's uterus — The action of quinamine on the uterus has been fully 
dealt with in a paper by Chopra and David (1927) It was shown that the 
virgin uterus of the cat in situ shows a well-marked tonic contracbon when 
quinamine is given intravenously m doses of 3 to 5 mgs (Graph V a) If tlie 
uterus be relaxed witli adrenalin and an injection of a few milligrams of the 
alkaloid given, not only is the normal tone regained but a tonic contracbon is also 
produced The reacbon of the multiparous uterus to quinamine is very similar 
to that of the virgin uterus, both the tone and the automatic movements being 
markedly increased (Graph V 6) The tone as well as the rhythmic movements 
of die pregnant uterus of a cat in situ are increased by 2 mgs given intravenously, 
while 4 to 5 mgs produce a well-marked tonic contraction of the uterus 
(Graph V c) 

stimulated with dilutions as high as 1 
in 300,000 and a tome contracbon is produced, with stronger concentrations the 

bm ofr^^m ^ uterus a sofu! 

bon of 1 m 5^,000 produces a marked increase m the tone of the organ With 

higher strengths like 1 m 200,000 and more the effect is increased (Graph V e) 

On gut7wa-p]g s uterus— On the isolated virgin uterus of the guinea-oig 

d.luhons as high as 1 m 400,000 produce a well-marked tome contraZn, wMe 
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Action of Cinchona Alkaloids on the Vteius 


Meyer, H 
(1926) 
Nelsok, E 
(1927) 


Chopra, R 
(1927) 


H and GoTTU^, R Experimental pharmacology as a basts of therapeutics, 

p 248 

, and Thomas, F W A comparison between the action of quinine and 

quinidinc on the uterus I The acbon on the 
uterus Arch Intern dc Phannacod , XXXII, 
455 — 60 (Abstract m Physiological Abstracts), 
Vol XII, No 3, June, p 181 

N and Davit), C ' The pharmacological action of quinamine ^ Ind 

Jour Med Res, Vol XV, No 2 
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si, gilt .ncrease m the amphtude of contracUons t,l the 

in situ ^he non-pregnant multiparous uterus reacts with a tonic contr c 
(Prapli VIII d) The tone of the pregnant uterus i's slightly increased (Grap 

' On the isolated uterus of both cat and guinea-pig the effect is the same as 
with iso-heptyl hydrocupreine (Graph VIII / and g) 


' Iso-Oityl hydrocii-p) etdtne 

{See Graph IX ) 

On the caps uterus— of 5 to 10 mgs intravenously produce a well- 
marked relaxation of tlie virgin uterus m situ, sometimes preceded by an initial 
contraction (Graph IX o) rarely relaxation is not observed but a tonic contrac- 
tion IS produced (Graph IX b) A pregnant uterus in situ always reacts with a 
marked increase of tone (Graph IX c) Iso-octyl hydrocupreine is a toxic drug 
and sometimes produces stoppage of respiration, and death from asphyxia after 
mtra venous injections (Graph IX d) 

On the isolated organ, dilutions of 1 in 100,000 and under produce a marked 

increase of tone or tome contraction (Graph IX s') 

^ 0)1 the giiwea~pjg’s uterus — 1 in 100,000 dilutions stimulate the automatic 
movements of the isolated uterus witliout increasing the tone Higher strengths 
from 1 in 75,000 to 1 in 20,000 produce a tome contraction with diminished 
amplitude and accelerated rhythm (Graph IX f) 


Discussion 

Three points strike one on perusal of the above results Firstly, the uteii 
of different species of animals show varying degrees of reaction to these alkaloids, 
the uterus of the gmnea-pig is much more sensitive than the uterus of the cat, 
secondly, the results obtained after giving the alkaloids intravenously, on the 
uterus m the intact animals do not always correspond with those obtained on the 
isolated organs of the same species of animals , and thirdly, the hydrogen-ion 
concentration of the perfusing fluid is an important factor We have observed 
that while the hydrogen-ion concentration at which tlie isolated guinea-pig’s uterus 
gives maximal results is 7 2, in the case of the cat it is 7 6 These factors, in our 
opinion, account for the discordant results obtained by the various invesbgators 

From these experimental data we have gathered, some general conclusions 
can be drawn All the cinchona derivatives tested, show varying degrees of 
stimulating effect on the uterus of both cat and gumea-pig, tlie dextro-rotatory 
alkaloids being more powerful than the lasvo-rotatory ones These results are 
in accord with the conclusion drawn by Acton (1922) Quinamine, which is 
dextro-rotatory, has been shown to be the most powerful Ethyl-hydrocupreidme 
and cinchonine, which are also dextro-rotatory, have a much more marked action 
on th? uterus than their Isevo-rotatory isomendes. iso-heptyl hydrocupreine has 
little or no effect on the uterus, while iso-heptyl hydrocupreidme possesses a com- 
paratively stronger action Iso-octyl^hydrocupreme, which is Isevo-rotatory is 
also quite powerful m stimulating the uterus but we could not obtain its dextro- 
rotatory isomeride The least powerful of all these alkaloids is iso-heptyl hydro- 
cupreine and then folloiv iso-heptyl hydrocupreidme and cmchonidme 
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of sheep’s red blood corpuscles by means of sodium glycocholate and taurocho- 
late The investigation was started not so much to obtain further data on the 
subject as to enable us, firstly, to get a better picture of the variation m the 
pernleabiiity of the stroma which occurs in presence of these various substances, 
and, secondly, to determine whether at is possible to inject suitable quantities of 
bile salts in order to effect the cytolysis of certain types of bacteria one of which, 
namely, Pneumococcus has been found to be rapidly cytohsed by these salts in 
test tube experiments Obviously in animal experiments the blood serum mat 
be expected to have a great effect on the cytolysis This communication is 
concerned almost exclusively with the first point, reserving the cytolysis of 
Pneumococcus for the next one 


Expcrimentai, 

In the experiments given in the following pages, washed sheep's corpuscles, 
completely freed from serum by repeated centnfuging with normal saline was 
used The red blood corpuscles were suspended m physiological saline The 
solution of serum was prepared m the same saline in the dilution of 1 10 The 
egg albumin was obtained from a fresh egg and similarly diluted The solution 
of bile salts was also made in normal saline and was M|20 strong In actual 
experiment 2 cc of a 5 per cent suspension of the red blood corpuscles was 
taken in a test tube, and in another test tube, a known amount of the bile salt solu- 
tion was mixed with a known amount of serum and a calculated amount of normal 
^aline was added to it to bring the combined volume of the red blood corpuscle 
suspension and the bile salt solution when mixed together to a standard volume 
of 10 c c Tlie contents of the two tubes were rapidly mixed three times and 
then allowed to rest in a stand In the majonty of the experiments an arbitrary 
time of 12 minutes was given for complete hremolysis to take place which was 
determined visually by comparing with a standard hsemolysed tube By varying 
the quantity of bile salt added, the exact amounts of either glycocholate or 
taurocholate which would hsemolyse completely the 2 c c of suspension in 
presence of known amounts of serum in 12 minutes were determined When 
sufficient care was taken to use always sterilised flasks, test tubes and pipettes, 
the results were quite reproducible, and hence quite comparative also The bile 
salt solutions were prepared fresh for each day’s experiment The exjieriments 
were done at the laboratory temperature of about 87° to 88° F When not in use, 
the corpuscles were kept in an ice chest 

In Table I some data are given on the inhibitory effect of serum on glycocho- 
late and taurocholate haemolysis The object was to make a comparative study 
of the hemolytic powers of these two salts As far as the authors are aware, 
this has not been done by any previous investigator The study would be 
interesting however, because in the bile excretions, the amount of glycocholate 
is almost double that ol taurocholate 

The following show quite conclusively that glycocholate has a much greater 
hjemolytic power than the taurocholate even in the presence of the blood serum 
The inhibitory power of the serum even in very small quantities may also be 
noted These facts are important in certain pathological cases such as in jaundice 
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Tabi,e III 
R B C =2 cc 
Total volume = 10 c c 
Time = 12 minutes 


Amount of egg albumin in o c 

Amount of glycocholatc 
required in grams 

Amount of glycodiolate 
noutraliflod per umt 
quantity of the ogg 
albumin 

00 

01096 


0 1 

02078 

1 

1682 

02 

06087 

2496 

03 

' 08622 

2476 

04 

10230 

2283 

06 

12906 

2302 

00 

14610 

2262 

- - 




The amount of glycodiolate neutralised per unit quantity of the inhibiting 
substance which has been given in the third column of the above tables, has been 
calculated as^ follows Taking for example the data with 0 5 c c serum, the 
excess of glycodiolate necessary to hiemolyse the red blood corpuscles in presence 
of this amount of serum is 0 11201 to 0 01096 gram and hence the amount of 

glycocholatc neutralised pei unit of serum is P. gram Other 

data have also been obtained in a similar way The results show the peculiar 
fact, that with both the inhibiting substances the amount of the haemolysing 
substance neutralised per unit of the inhibiting substance is almost constant, 
though the value of this constant differs in the two cases Rejecting the first 
data, the mean value of the constant in the case of normal serum is 0 20008 and 
m the case of egg albumin is 0 2373 Egg albumin has thus a much greater 
inhibiting effect than normal serum 

It will be interesting to determine here if the amount of the hasmolytic 
substance neutralised per unit of serum remains a constant with increasing 
amount of the serum used In that case the obvious conclusion would be that 
a chemical interaction occurs between the proteins of the serum and the 
hfemolytic substance A careful scrutiny of the data with egg albumin shows 
that though approximately constant, the amount neutralised per unit of egg 
albumin tends to dimmish with increasing amount of egg albumin A similar 
fact was found by Ponder (1923) who observed that the quantity of the 
hiemolysing substance neutralised per unit of serum decreases with increase m 
the concentration of the serum A similar fact was also noted in our case with 
very high concentrations of the serum 
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Stumm'iy and Conclusions 

1 The cinchona derivatives show varying degiees of stimulating effects 
on the uterus of the cat and the guinea-pig , the uterus of guinea-pig is much 
more sensitive than the uterus of cat The pH at which maximal results arc 
obtained varies with the uteri of different animals, the cat’s uterus works best 
at pH 7 6 while the guinea-pig’s uterus acts best at 7 2 

2 The dextro-rotatory alkaloids have a more powerful effect on the 
uterus than the Isevo-rotatory ones 

3 The most powerful in this series is quinamine of which such ^high 
dilutions as 1 in 500,000 cause marked tonic contractions of the isolated virgin, 
multiparous non-pregnant and the pregnant uterus 2 to 5 mg doses given 

' intravenously produce a marked tonic contraction of the intact uterus both 
pregnant and non-pregnant , the 'amplitude of the rhythmic movements is also 
increase Next in order may be placed ethyl-hydrocupreidine, iso-octyl 
hydrocupreine or vuzm and cinchonine, whose activity is about the same Next 
comes ethyl-hydrocupreine and then quinine and quinidine, the last two being 
about equally effective 'The least powerful of this series, m the order of their 
activity, are anchonidine, iso-heptyl hydrocupreidme and iso-heptyl hydrocupreine , 
the action of the last two being slight and inconstant 

4 Our expenments show that the oxytocic action of quinine is quite 
pronounced when the utenis is nearly full term, but in early cases of pregnancy 
beyond slightly increasing the amplitude of the automatic movements no unto- 
ward effect is hkely to be produced This is also borne out by clinical experience 

5 No experimental evidence has .been obtained to show that quinidme is 
more effective as an oxytocic than quinine or that it is ten times stronger in its 
stimulating action on tlie uterus than quinine 
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586 On the Haemolysis of Red Blood Coipuscles. 

It IS welll known that the stroma is composed mainly of albumin, lecithin 
and cholesterol, all of which are colloidal m nature We assume that ordinarily 
the membrane is m the peptised condition and consists of granular solid particles, 
the interspaces of which are filled in by the adsorbed aqueous medium, an 
assumption exactly analogous to the structure of the copper ferrocyanide mem- 
brane Hence water and many water-soluble substances can pass through the 
membrane Aqueous solutions of metal salts are not, however, able to permeate 
easily because the stroma is polaiised owing to the existence of an electrical 
charge Only in those cases where §alts can flocculate the membrane matenals 
can a change in permeability be observed Thus it lias been found by us that 
uranyl salts can flocculate colloidal lecithin rapidly, and Mikwa (1924) has found 
tliat small amounts of uranyl acetate actually damage the structure of the cells 
as is shown by the increased sensitiveness to physiological saline. Brie salts, 
however, do not flocculate any of the sol, albumin, lecithin or cholesterol On 
the other hand, both lecithin and cholesterol are strongly peptised by the bile safts 
and hence the observed haemolysis with bile salts is undoubtedly due to the 
peptisation of the membrane The impermeability of the membrane to sugars 
IS, however, due probably to a different cause, namely, due to negative adsorption, 
a fact well known in die case of copper ferrocyanide membranes So far as the 
electrical polarisation of the stroma is concerned, this fact introduces a factor of 
great importance m hfemolysis by coagulation The slight negative charge oa 
the membrane must first be lowered below a certain critical potential before 
haemolysis can be observed Since in acid solutions H°ions and in alkaline 
solutions OH'ions are the most active, it is apparent that acid solutions will 
increase the hfemolysis, whereas alkahne solutions up to certain concentrations 
of OH'ions will increase the lesistance of the stroma This is exactly what 
has been found in practice Thus Eggerth (1924) found that when washed 
sheep’s corpuscle is suspended in solutions of pH 5 2 or more acid, they become 
progressively more electropositive, and this change is coincident with haemolysis 
In investigating the hiemolytic power of H° and OH'ions, Mond (1925) found 
that a slight decrease m pH from neutrality causes haemolysis, but on the alkaline 
side of the neutral point, there is a wide zone of resistance With high concen- 
trations of OH'ions, however, haemolysis is again evident Quite analogous to 
these results, small amounts of alkali peptise the copper ferrocyanide membrane 
and increase their resistance to coagulating agents, greater amounts of alkali com- 
pletely dissolves the membrane, whereas acids coagulate it easily, and when 
present m small quantities, act as accelerators of coagulation by other salts 

These facts are therefore in favour of the view that the irreversible perme- 
ability of the stroma in presence of hemolytic agents is due either to a coagula- 
tion or a peptisation of the membrane So far as bile salts are concerned, thei*" 
actjion on the membrane is one of peptisation It may be pointed here that 
though this peptisation of the membrane has not been much discussed before, 
D’Herelle (1924) has strongly emphasised the coagulation point of vigw as an 
explanation of certain types of haemolysis and some other colloidal reactions in 
the body, and Pickering and Taylor (1924) have shown the essential similarity 
in the phenomena of clotting of blood and hemolysis 
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It is well known tliat certain substances like saponin, soap^ and bile salts 
cause rapid hemolysis of red blood corpuscles, but in presence of the blogd 
serum this haemolysis is retarded and in some cases altogether inhiliited Thus 
Ransom (1901) observed that cholesterol inhibits the action of saponin and he 
attributed the inhibitory action of serum to its cholesterol content The inhibitoi7 
effect produced by serum on the action of bile salts was studied by Bayer (1907) 
It was found by him that cholesterol has no inhibitory effect, that lecithin produces 
inhibition, but not iii quantities that occur in blood and that the proteins of blood 
are responsible for the inhibition In this connection may be mentioned the 
observations of von Eisler (1906) who stated that serum globulin inhibits the 
action of stapylolysin and tetanolysin, and also those of Eieberman (1907) 
who found that hcemolysis by soaps is prevented by serum albumin Bayer’s 
researclles have in the mam been confirmed by Sellards (1908) In recent years 
quite a large amount of work has been earned out on this subject Ponder 
G923) has investigated the inhibitory effect of sera, sugars and other substances 
on saponin, soap and taurocholate hiemolysis Certain sqbstances are also known, 
such as acetic acid, aspartic acid, etc , which act just in the opposite way, namely' 
as accelerators of hiemolysis Tliese will be considered later on 

The present paper, which foims the first part of a series, deals with the 
studi of the inhibitory action of blood serum and egg albumin m the hsemolvsis 

( 581 ) ^ 
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TabI/i: I 

R B C =2 cc 
Total volume = 10 c c 


1 

Amount of normal sorum added 

Time in miktjtes eequibed fob complete 

HEMOLYSIS IK PRESENCE OF 

glyoooholato M/20 , 
loo 

1 

Na taurooholate M/20 
loo 

00 

1 j 

1 

42 

0 05 

2 


010 

4 

02 

0 20 

12 1 

Partial brnmolysis only 

0 30 

30 J 

after 2 ^ hours 

040 

69 



when there is a great secretion of bile salts which are absorbed in the blood 
The inhibitory action of the serum counteracts the abnormal haemolysis which 
'Would otherwise occur due to the excess of glycocholate secreted In the 
following Tables II and III, we have summansed the quantitative data on the 
inhabition of glycocholate haemolysis by means of serum and egg albumin 


Table II 
R B C =2 cc 
Total volume = 10 c c 
Time of complete Haemolysis = 12 minutes 


Amount of normal Berum added moo 

Amount of glycocholate 
required in grams 

Amount of glycocholate 
neutralised per umt 
quantity of the serum 

00 

1 

01096 


0 1 

02436 j 

1339 

02 

04870 

1 1887 

03 
‘^1 u 

07305 

2069 

04 

09009 ' 

1978 

06 

11201 

2021 

0 C 

1 



, 13392 

2049 
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C 

Description of Stained and Mounted Specimens 

In the appended table are given the measurements and relative lengths of 
the different parts of the four specimens examined 

The Bpcfjy is from 2 7 to 3 3 mm m total length It is about 1 10 times 
the length of the wing and about 0 54 times that of the hind leg 

The Antenna (Plate L,V, figs 3 and 4) are shorter than in the male, the total 
length being about 2 50 mm The Illrd segment forms about lj6th the total 


Phlebotomus newsteadi ( 9 $ ). 


Specimens number 

Measnromonts 

in milbrnotres 


D 

2 

3 

4 

Ratios and formulce 


ClypeuB and head 

0 130 

0 430 

0 414 

0 467 



1 Thorax 

0 700 

0 700 

0 614 

0 743 


P 

Abdomen proper 

1 743 

1600 

1428 

1928 


o 

W 

, Sup closper 

0 186 

0 171 

0 200 

0 157 








( 1 03 — 1 16 X wing length 


1 Total length 

3 OG 

2 90 

2 67 

3 30 




i 

1 


1 

I 0 63—0 66 X hind log 


Labium 

0 300 

0 286 

0 285 

0 328 



Epipharynx 

0 286 

0 271 

0 267 

0 300 



Segment HI 

0 421 

0 421 

0 386 

0 464 ' 

m«IV;PV IVn.V=VI 


Segment IV 

0 200 

0 214 

0 200 

0 228 

rv+v+ VT> XTI— XVI 







riKxn— xvr 


Segment V 

0 193 

0 200 

0 200 

0 228 

2 

Antennal formula 

1 

Segment VI 

1 

0186 

0 200 

1 

0 386 

1 

0 221 



Segments XU — ^XVI 

1 0 482 

i 0 471 

0 471 

0 614 








l 6 7 — 5 8 times segment m 


Total length 

240 

2 40 

2 28 

2 67 








f 6 times segments XII — XVI 


Segment 1 

0 042 

0 036 

1 0 033 

1 

0 045 

Formula 1 (2, 1), 3. 6 


Segment 2 

0 127 

0 136 

0 126 

1 

0 141 

c= J of 3rd segment 


Segment 3 

0180 

1 0186 

0 171 

0 195 

^=: 2 74—2 87 3 0 

'i 

fn 

Segment 4 

0 129 

0 141 

0 129 

0 141 



Segment 5 

0 372 

0 321 

0 364 

0 378 



Total length 

0 852 

0 820 

0 813 

0 900 



* Tjrpo female Bpecimen 
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These facts naturally raise the important question of the nature of the 
action exerted by the inhibitory substances like proteins on the haemolysis of the 
red blood corpuscles Drawing an analogy from the properties of colloids, we 
know that many hydrophilic sols like albumin and similar proteins are good 
sensitising agents of other hydrophilic or hydrophobic colloids Thus Brossa and 
Freundhch (1915) found that albumin sensitises a ferric hydroxide sol, and 
according to Brossa (1923) serum globulin considerably sensitises a congo-red 
sol Reitstotter (1920) has found that albumins from various sera sensitise 
strongly many sols Michaelis and Rona (1907, 1908) have shown that sols of 
ferric hydroxide, mastic emulsion or kaolin suspension can be sensitised by 
natural protein solutions In this class belongs the sensitisation of suspensions 
of bacteria by the blood plasma of pregnant women (Lowenthal and Berthau, 
1919) In all these cases the sensitising action of the proteins is due to their 
adsorption on the surface of tlie colloids, and the assumption is tlierefore 
ju^ifiable that in the case of blood corpuscle also the action of normal serum 
is one of sensitisation of the colloidal membrane The agglutinating power of 
different cations are according to Gough (1924) m the case of sheep’s corpuscles 
m the order Ce > Th > Ca > K 4 Fe (ON)o whilst the coagulating power of these 
cations on a copper ferrocyanide sol as determined by us is Ce>Th > Ca > K 4 Fe 
(CN)a beignmng With the highest Copper ferrocyanide further offers a closer 
analogy in that it forms membranes with properties very similar to those of the 
stroma Thus it is impermeable to sugars, and to many metal salts at low 
concentrations, which is quite analogous to the behaviour shown by the stroma 
A recent investigation by Gurchot (1926) has shown that the variable permeability 
of the copper ferrocyanide membrane in presence of different substances is caused 
by the coagulation or peptisation of the membrane, and he has drawn attention 
to the fact that the change in permeability of many plant cells in presence of 
alcohols investigated by Czapek (1910) and of other membranes m presence of 
different organic acids investigated by Walden (1893) is nothing but due to a 
coagulation of the membrane materials If now a similar view is advanced to 


explain the permeability of the stroma, the following becomes obvious Any 
substance which will strongly coagulate the membrane so as to form cracks or 
holes will increase the permeability of the stroma to hiemoglobin and similar 
will be the effect of those substances which will strongly peptise the membrane 
particles thus loosemng the whole structure The equilibrium condition of the 
membrane is thus the stage where the membrane is neither too strongly coagulated 
nor too strongly peptised Since m the case of bile salts it has be,en found by 
us that these substances have a great peptismg influence on the lecithin and 
cholesterol parts of the membrane, it appears that in the action of bile salts the 

NTri’livth,!!'" f '■■reversible peptrsahon'of tl.e stem 

utobiting effect of the proteins is only a special case of the antagonistic action 

.cf rsrutT.™, if:"- 

J, MR ‘ ' 


3 
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leg and its breadth is approximately equal to a The other points of importance 
are that a is about twice the length of 0 and is slightly longer thany , the 
ratio S over a is about 0 22 and the proximal fork ' of the 2nd vein is much 
nearer the base of the wing than is the fork of the 4th, r being about 0 12 mm 
' The Haltoje (Plate LV, fig 5) has not the curious irregular appearance seen 
in die male (Sintoii, 1926) It is more like the same structure in other speaes 
of Phlehotomns, but has not such a bulbous end 

The Hind Leg measures about 4 8To 5 8 mm in length, being relatively very 
long The femur forms about l|5th of its total length and is about equal to the 
combined lengths of segments 2 to 5 of the tarsus The tibia is almost twice 
the length of the femur The 1st tarsal segment equals about lj4th the total 
length of the leg 

The Female Genitalia (Plate TV, figs 7, 8 and 9) (o) Tlie spermatheca 

(Plate TV, fig 7) is of the ‘ crenulated ’ type seen in the other members of the 
‘ erect-haired ’ group (Sinton, 1927) It has a characteristic long, thin and 
worm-like appearance, which is distinctly different from the shape of this struc- 
ture as described in any of the other Indian sandflies (cf Smton, 1927, Plate VII) 
(b) The postgenital ridge (Plate TV, fig 9) has no large hairs or spines, but is 
covered with numerous fine hairs, as in P papatam The chitinous plate of the 
ridge shows a tendency to be divided into two parts, as in the species just men- 
tioned (c) The furca ('Plate TV, fig 8) more nearly resembles that of 
P papaiasii than that of any other Indian species {cf Sinton, 1927, Plate VII) 

Identity of Specimens 

One speamen was part of a catch of one male and three female Phlebotomus 
collected at the same time in a bed-room The male was P neivsteadi and the 
two other females P majoi The co-types were caught m places where males 
of P newsteadi had been taken 

The vanous ratios, formulae, etc , are practically identical with those found 
m the male of P neimteadi and have no very close resemblance - to those of 
P majoi, with which it might be confused on superficial examination The only 
other erect-haired species recorded among thousands of Phlebotomus collected 
in this area, are P mojoi and P simdhmus The specimens described differ 
from these species in the curious shape of their spermathecae as well as m many 
other points The fact that one specimen, at least, was caught along with a 
male of P nemisteadi and the close resemblance of the formulae, etc , makes it 
highly probable that this is the hitherto undesenbed female of this species 

Diagnostic Features 

In the fresh state the abundant and very markedly erect hairs on the dorsum 
of the abdomen, as well as its large size and very long legs, distinguish it from 
P similhmus and P christophersi in which these features are not marked 

The only other ‘ erect-haired ’ species which has been found in the same 
area as P newsteadi, is P major It can be differentiated from this species m 
the fresh state by its much narrower wings and possibly by the position of the 
forking of the 2nd arid 4th veins, which in P major are at nearly the same 

level 
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Summary 

(1) An experimental study has been made on the inhibitory effect of blood 
serum and egg albumin on glycocholate and taurocholate hsemolysis of sheep 3 
erythrocytes 

(2) It has been found tliat glycocholate is a much stronger haemolysmg 
agent than taurocholate 

(3) The view has been put forward that hzemolysis by bile salts is the 
visible sign of an irreversible peptisation of the stroma In the normal condi- 
tion, the stroma is in a slightly peptised state Blood serum inhibits the hsemoly- 
tic effect by increasing the coagulability of the stroma, and it is a special case 
of the general antagonism between a coagulating agent and a peptismg agent 
in diphasic systems 

The present work has been carried out in the Bacteriological Department 
of the Bactro-Clinical Laboratory Ltd , Calcutta, and our best thanks are due 
to the management for the necessary supply of the materials 
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Description op Peate L,V 
Phlehotovms newsteadt (?) 

1 Wing 

2 Palp N the ‘ curious spines of Newstead ’ 

3 Segments, XIII — XVI of antenna 

4 Segments II — IV of antenna 

5 Haltere 

6 Base of the pharynx 

7 Spermatheca 

8 Furca 

9 Post-genital ridge 



NOTES ON SOME INDIAN SPEOIES OF THE GENTJS 

PHLEBOTOMUS. 

Part XXn. 

THE FEMALE OF P NPJVSTBADI SINTON 1926 


BY ’ 

Major J A SINTON, i m s , 
Central Malaria Bureau, Kasauh 


When the male of P nezvsieadt was originally described (Smton, 1926) the 
female of this species was unknown However, a search amongst the other 
specimens of Phlehotonms, which had been caught in the same room about the 
same time as the type specimen, has revealed the presence of four females of 
this species which had not been differentiated from P major One of the 
specimens was caught at the same time as a male of P newsteadt and two others 
m the same place about a month later 

It IS probable that more specimens of this species have been collected in 
Kasauli but have been confused on superficial examination with P major 
(?) It had been thought probable that the unknown female of P newsteadt 
might show the curious halteres so characteristic of the male of the species, but 
this is not tlie case 

The type female specimen was caught in a bed-room in Kasauh (6,000 feet) 
in the Himalayan foothills of the Punjab on 22nd Apnl, 1921 " Two other 
specimens were caught a month later and the fourth specunen in June of the 
same year 


PhIvSBOTOMUS NkWSTEADI ,( $) 

Desciiptton of fresh specimens 

This IS a veiy, large insect m comparison with other ‘ sandflies ’ Its general 
colour IS light yellowish and the black eyes are in marked contrast to the rest 
of the insect The interment is yellowish The abdominal hairs are markedly 
erect and of a yeUowish colour The wings are narrower than in P maJr 
and are covered with yellowish hairs ^ ° 

( 689 ) 




PJtlebotoiiitts 


J. A. Sinton. 

newsteadi ( ? 5 ) — Contd 


Speoimenfl number 


Measurements m jniUimotreB 


Ratios and {ormul© 


Length 

Breadth 


2 786 2 800 2 467 12 867 »4 3X breadtb,=0 60X hind leg 

0 643 0 667 0 670 0 667 ^=1 94-214 - = 066-0 67 

0 628 0 643 0 628 0 671 ^ ^ 

0 314 0 300 0 271 0 314 -=■ 0 20—0 23 ~ -1 H— 1 18 


0 643 0 628 0 471 

0 128 0 143 0 114 0 167 


• = 0 72 — 0 78 — =«146— 161 


a ^ 


0 800 0 867 0 728 0 886 g — = 0 72—0 77 

1 214 1 243 1 100 1 328 ^ 43-0 46 

0 143 0 167 0 100 0 143 



length of the structure, and its tip extends as far as tire distal end of the proboscis 
The IVth, Vth and Vlth segments are approximately equal m length and each 
IS about half the length of the Illrd segment The Illrd segment is shorter than 
the combined lengths of segments XII to XVI The geniculate spines are paired 
and usually asymmetrically placed The antennal formula is 2 over III to XV 
The Palps (Plate L,V, fig 2) are about 0 85 mm m length The formula 
is 1 (2, 4), 3, 5 The second segment is about 3 [4th the length of the 3rd The 
' curious modified spines ’ described by Newstead are about 20 in number and 
situated on the hasal third of the 3rd segment The ratio palp to labium is about 
2 8 and of palp to epipharynx about 3 0 

The Pharynx (Plate LV, fig 6) Adler and Theodor (1926) consider that 
the shape and arrangement of the ‘teeth’ at the base of this structure are of 
considerable diagnostic importance, especially m species of the minutus group 
In P newsteadi ( 2 ), these ‘ teeth ’ are well-developed and numerous 

The Wtngs (Plate LV, fig 1) are long and comparatively narrow the ratio 
length to breadth is about 4 3 The wing is about half the length of the hind 
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Boye (1926) tried this new drug on 6 cases of quartan malaria and found 
that It was more active against the clinical manifestations of this disease than 
was an equal amount of quinine hydrochloride 

MarchouN: and Quilici (1926) administered the drug to a case of malignant 
tertian malana m doses of 0 25 grm twice daily and reported that it made the 
fever disappear m 3 days Raynal (1927) also treated a case of malignan* 
tertian malana with stovarsolate of quinine His treatment consisted of 0 5 
grm of the drug night and morning for 10 days followed by a rest of 5 day> 
and so on until four courses were completed, i e , a period of nearly 2 months 
This case was obseived by blood examination during treatment but apparently 
not at a later date He records a marked diminution in size of the spleen, a 
great improvement in the general condition and the disappearance of parasites 
from the peripheral blood 

Very few experiments with this drug have been recorded No observa- 
tions seem to have been made on benign tertian malaria nor on the'effects of the 
drug in preventing relapse 

Drugs uspd in Our Research 

Encouraged by the effects of stovarsol in destroying P vivciv in the 
peripheral blood, it was thought that possibly a combination of this drug with 
quinine might be more efficacious than the uncombined drug, in preventing 
relapses m chronic benign tertian malaria At our suggestion the Haco Company 
of Berne through their agent Mr P Bally, very kindly undertook the manufacture 
of such a compound, which was leceived by us in May 1926 The chemist of 
the Haco Company states that the drug is a well-defined diemical body of 
constant melting point, containing 52 6 per cent stovarsol and 47 44 per cent 
quinine The drug was manufactured in pills with albuminates Treatment 
with this drug was commenced early in Jund 1926 

Later in the year we were asked by Messrs May and Baker, London, to 
test a ‘ quinine-stovarsol ’ compound said to contain 50 2 per cent quinine and 
40 per cent stovarsol This compound has also been tried by us 

Details oe Methods, Controls, Etc, used in the Tests 

The details of the methods, etc , used in this work are similar to those already 
recorded in previous papers of this series 

Treatments 

As in our other work the usual preliminary purgation with calomel and 
magnesium sulphate waS carried out The patients were kept in bed for the first 
two days of treatment and the majority were fit for discharge from hospital 
at the end of the third day 

1 Treaim-ent S Q P — The drug used in this treatment was the ‘ quinine- 
stovarsol ’ of the Haco Company Eiglit pills were given at 10 a m and a 
similar dose at 3-30 pm daily for 28 days This corresponds to a daily dose 
of about 0 52 grm (8 grams) of stovarso‘1 combined with about 0 48 grm 
(7 grains) of quinine The total amount of stovarsol given to each case was 
about 14 7 grms (277 grains) and of quinine about 13 3 grms (205 grains) 
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In stained and mounted specimens the characteristic shape of the sperma- 
thecas distinguish it from any of tiie other members of the * erect-haired ’ group 
yet descnbed (cf Sinton, 1927, Plate VI) The other points of diagnostic 
importance are (a) the palpal formula — 1 (2, 4), 3, 5, (&) the long and 
comparatively narrow wing, in which the 2nd vein forks proximal to the 4th; 
(c) the shape of the furca , (d) the position of ' Newstead’s spines ’ on the 
basal third of the 3rd palpal segment, not the middle third as in P major, (e) 
the tip of the Illrd antennal segment reaching to the tip of the proboscis, and 
(/) tlie very long legs 
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the remaining three patients, one completed an observation penod of 7 weeks 
before he was lost sight of and the others did not relapse during observation 
The relapse rate for this series was, therefore, a possible maximum of 84 6 per 
cent with an observed minimum of 76 9 per cent 

The relapses were detected at the following periods of observation after 
treatment — Four m the second week, three in the third, one m the fourth and 
two in the sixth 

2 Treatment S Q — Ten patients were treated in this senes, and amongst 
these six relapses due to P vivax were observed The other four patients 
completed an observation period of 9 weeks without relapse The observed 
relapse rate was, therefore, 60 per cent The relapses were observed at the 
following periods of observation after treatment — ^Three m the third week, two 
in the fourth and one in the sixth 

Results ill the Control Groups 

1 Treatment QCM — Of thirty-three patients 15 relapsed and one was 
lost sight of before the termination of observation The relapse rate was an 
observed minimum of 45 per cent with a possible maximum of 48 per cent 

2 Treatment M C M — Of tv\'enty-nine patients m this group the observed 
minimum relapse rate was 59 per cent wth a possible maximum of 62 per cent 

3 Treatment C C M — Amongst tiventy-three patients in this group the 
observed minimum relapse rate was 69 5 per cent with a possible maximum of 
74 per cent 

4 Treatment C D CJh'I — ^Amonst twenty-three patients the observed 
minimum relapse rate was 61 per cent with a possible maximum of 69 5 per cent 

Discussion or ResuuTs 

In the quinine-stovarsol series of 23 patients, the observed minimum relapse 
rate was 69 5 per cent with a possible maximum of 73 9 per cent as compared 
with 57 4 and 61 1 per cent in 108 controls of the cinchona alkaloid senes , 
These results were better than those observed after a short course of intravenous 
injections of sodium stovarsol (Smton, 1927) and are very similar to those 
obtained with quinine and stovarsol given separately (Smton, 1926) 

The quinine-stovarsol groups receiving 9 6 grains of stovarsol combined 
with 12 grams of quinine daily show a better result than those in which only 8 
grains and 7 grains respectively of these two drugs were given In neither case 
were the results as good as m the control series It is possible that if the daily 
amount of quinine was greater, say 20 grams, or if larger initial doses of both 
drugs were used, the results might be better 

QuiNIlNie-STOVABSOL ON THfi CuiNICAL MANIFESTATIONS 

A Cltntcal Cure 

Quinine-stovarsol rapidly produces a clinical cure m benign tertian malaria 
After the treatments desenbed, parasites were absent from the peripheral blood 


Pl,ATi: lyV 
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Conclusions 

Under the conditions of our work, stovarsol seems to be a useful adjuvant 
to quinine in the treatment of malaria The compound ‘ quinine-stovarsol ’ 
does not seem to be more efficacious than the two drugs given separately, but is 
more easily administered 

It IS possible that if larger initial doses of both quinine and ’’stovarsol were 
given during the first week of treatment followed by a course similar to that 
described in this paper better results against relapse might be obtained, especially 
if the amount of quinine was increased 

Thanks 

Our thanks are due to the Faco Company of Berne and to Messrs May and 
Baker, L,td , London, who so kindly provided us with the drugs tested in this 
work 
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The efiects of the oral and the intravenous methods of administration of 
stovarsol in preventing relapse in chronic benign tertian malana have been 
described in two previous papers of this series (Sinton, 1926, Smton, 1927) 
These results show that stovarsol has a marked destructive action on P vivax 
in the penpheral circulation, at least, but, although it cures the clinical symptoms 
of the disease, it does not prevent subsequent relapses in the majority of cases 
It was thought that by combining the destructive action of quimne on the 
parasites with that of stovarsol better results might be obtained in the prevention 
of relapse That such results might be obtained seemed probable if, as believed, 
the smaller forms of P invax are mainly destroyed by quinine while stovarsol 
has a special action on the larger ones 

Observations by other Workers on the Eeeects oE 
Quinine Stovarsoeate 

Stovarsol (acetyl-oxyamino-phenyl-arsenic acid) was originally prepared 
by Fourneau (Marchoux, 1925) Since that time, this worker has prepared 
a new salt of this drug—' stovarsolate of quinine ’—which contains about equal 
amounts of quinine and stovarsol (Marchoux and Quilia, 1926) 

( 696 ) 



602 


JiwesUqafmi of Dysenleiy w Poona 


(u) That cases sufficiently severe to merit much clinical attention were 
usually considered to be protozoal in origin, and along with many 
of the milder cases had in the past been treated with emetine 
(in) That protozoal infections in reality were rare in comparison wnth the 
the bacillary infections 

(w) That many of the laboratory diagnoses in the past, in the light of 
modern knowdedge, were probably incorrect and misleading 
These findings were published in The Journal of the Roval Aimv 
Medical corpK (6) 

During the period betiveen 1914 and 1925 considerable light has been thrown 
on the intebtmal disorders of the East Numerous observeis have showm that, 
throughout the entire East, bacillary dysentery, particularly due to infections with 
the B fle\nc) group, is extremely common In India, Lieutenant- 
Colonel Cunningham, IMS (3), has shown that in Madras and Bengal bacillary 
dysentery infections were frequent, and that a large percentage of the Indian 
population (22 per cent) suffered from ‘latent bacillary dysentery,’ le, a mild 
relapsing type, which from its very mildness is a danger from the carrier aspect 

Majors Acton and Know'les(4) showed that a similar high incidence of 
baallary dysentery existed in Calcutta These latter, and numerous other 
observers, had demonstrated the importance of the bacillary exudate as a micro 
scopic method of diagnosis The fact that the B flfixner group was responsible 
for attacks of intestinal inflammations resulting in dinicar manifestations varying 
from a mild diarrhoea to a severe attack of dysentery had been recognised In 
1919 the Medical Research Committee had published the w'ork of Andrew's and 
Inman (5) m which the various known strains of B flciner 'were collected, and 
placed in definite standard strains Dreyer’s method of agglutination and its 
advantages had been lecognised This method of agglutination had been brought 
into use wherever careful standardised methods of agglutination were earned 
out 

The general sanitary arrangements in Roona in 1925 appeared to be similar 
to those existing in 1913 w'hen Colonel Morison carried out his investigations, 
with how'ever, the important exception, that, as a result of Colonel Mor^son’s 
work, W'hat appears to be an efficient chlorination of the water supply, under 
careful bacteriological and chemical control has been instituted The results of 
bactenological examinations of the chlorinated water are recorded daily, and 
lactose fermenters are never present in 100 c c The wnters have confirmed 
this on many occasions 

Cholera is .practically unknown now' in Poona city and the few' enteric cases 
met with among the troops have been proved to be due to earners No suspicion 
of a water-ibome epidemic has arisen 

In contrast to the above, the intestinal disorders shll persist throughout the 
year, with approximately the same seasonal rise as in previous years In the 
two years under review, however, there has been no suggestion of any epidemic, 
as apparently occurred in the past For example, m August 1926, the worst 
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As a preventive of any of the possible toxic effects of the arsenical portion 
of the drug, each patient was given 4 grms (60 grains) of magnesium sulphate 
daily m the morning In addition a dose of 60 grms (15 drachms) of sugar 
and 1 grm (15 grains) of sodium bicarbonate were given m solution with eVery 
dose of pills (Sinton, 1027) 

2 Treatment S Q — In this treatment the ‘ quinme-stovarsol ’ of May 
and Baker was Used The first six patients receiving this treatment were given 
3 pills at 10 a m and a similar dose at 3-30 p m for 28 days As a very 
severe febiile reaction was noted in the patients receiving 6 pills on the first day, 
the dose was reduced to 3 pills on the first day, followed by the same dose twice 
daily for the next 27 days and one dose on the 29th day of treatment Six pills 
correspond to about 0 64 grm (9 6 grains) of stovarsol and about 0 8 grm 
(12 grams) of quinine daily The total amount of stovarsol received by each 
patient was, therefore, about 17 9 grms (269 grains) and of quinine about 22 5 
grms (337 5 grains) The same precautions against arsenical poisoning were 
taken as in the last treatment 

3 Control Treatments — The same system of controls was used as m the 

previous work (a) Treatment Q C M The patients receiving this treatment 
were given the quinine sulphate, magnesium sulphate, and, citric acid mixture 
already described (the ‘ Mist Q ’ of Sinton, 1926) The dosage was 30 grains 
(2 grms ) of qujnme daily for 2 weeks and 10 grams (0 66 grm ) daily for a 
further 6 weeks The total amount of quinine given to each case was 1,190 
grains (77 grms ) (6) Treatment M CM These patients received 20 grains 

(130 grms) of a standardised ‘cinchona febrifuge’ — (‘ Malarene,’ vide 
Sinton, 1927) daily for 28 days The total amount of cinchona 
alkaloids given to each patient was 560 grains (36 5 grms ) (c) Treatment 

C C M The mixture used was similar to the ‘ Mist Q ’ mentioned above, except 
that the quinine sulphate was replaced by cinchonine sulphate Each patient 
received 20 grains (1 30 grms ) daily for 28 days, a total of 560 grams (36 5 
grms) per case (d) Treatment CDCM In these cases the cinchonine was 
replaced by an equal amount of cinchonidme sulphate and admimstered for the 
same time The total amount of cinchonidme given was 560 grains (36 5 grms ) 
in 28 days to each case 


Effects of Treatment in Preventing Reeapse 
‘ Relapses ’ were diagnosed as heretofore by the finding of malarial parasites 
in the peripheral blood by the thick film method of examination, during an 
observation penod of 8 weeks after the cessation of all treatment Patients 
who did not ‘ relapse ’ during this penod were considered as ‘ cured ’ 

Amongst the stovarsol cases the average number of previous relapses per 
patient was 5 2 as compared with 4 1 amongst the controls The spleen rate 

before fitment rn the stovarsol cases was 39 1 per cent, while amongst the 
controls it was 30 6 per cent ° 


Result in the Quimne-Stovarsol Groups 

rf»l Q p There were 13 patients in this senes, amongst whom 

relapses due to P were detected m ten dnnng the observation pS 6f 
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iNCIDrNCC AND NATURE OP PoONAlTlS 
Results of Work tn 1925 

This year was largely spent in finding out the nature of the intestinal dis- 
orders with which we had to deal As stated above, it was soon evident that we 
were dealing chiefly with a mild type of bacillary dysentery, and not with a 
simple diarrhoea also that many specimens did not reach the laboratory from 
these cases Considerable propaganda was necessary among hospital staffs, 
particularly subordinates, in order to break down the fixed traditions of former 
years The laboratory staff had also to be trained in proper technique More 
equipment had to be collected and proper media prepared, etc 

Table. 1 gives the number of cases from whom specimens of blood and 
mucus were sent to the laboratory from the British and Indian military hospitals 
at Poona and Kirkee 

It will be noted that these specimens are divided into those showing a typical 
microscopic exudate of bacillary dysentery and those reported on as showing an 
indefinite exudate The latter term is used throughout this report to define 
specimens in which only a few polymorphonuclear leucocytes were found under 
the microscope, careful search often being necessary In many of these cases 
fieces were present in the specimen along with the muais These exudates were 
found m (a) very mild cases, (b) cases m the early stages of the dysenteric 
attack (c) cases from which specimens were sent to the laboratory for the first 
time about the 4th to 5th day after onset of symptoms, i e , recovering cases In 
addition, it should be pointed out that a laboratory is entirely dependent on the 
hospital personnel for the selection of a suitable sample for bacteriological 
examination, and usually this important factor is left to unskilled subordinates 
If the entire specimens could have been sent to the laboratory, the number of 
indefinite exudates recorded and the negative results would have been fewer in 
number From hospitals situated some miles from the laboratory the sending of 
entire specimens was naturally impossible From many of these, however, 
B flesner was isolated, and, wliether or not, all cases were treated as bacillary in 
origin unless amoebae were found, i e , treatment was entirely by* salines All 
responded quickly to this treatment, and as will be seen later serological examina- 
tions showed that 50 per cent of this type of cases in 1926 gave a rising agglutina- 
tion titre to B flexner 

From' the table it will be noticed that the numbers of British and Indian 
troops reported on as suffering from a true dysenteiy were identical at the end 
of the year In view of Colonel Cunningham’s work this seemed improbable, 
but the Indian troops pay less attention to these mild attacks of diarrhoea with 
blood and mucus, and do not report sick to the same extent as the more highly 
educated British soldier 

In 1926 the cases among the Indian troops exceeded the British 

Twenty-three cases only of amoebic dysentery occurred among British and 
Indian troops dunng the twelve months of 1925, in striking contrast to the 
numbers occurring in previous years 
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for an average period of 4 8 weeks after the end of treatment with stovarsol as 
compared ^vith 5 1 weeks in the controls The average period of absence was 
about a week longer in the S Q series than m the S Q P , which is probablv 
due to the larger amounts of the drug given 


B Temperature 

The terms ‘ fever, ’ ‘ duration of fever ’ and ‘ rigor ’ are used as defined 
previously (Sinton, 1927) Duration of fever The average ‘ duration of fever ’ 
amongst the qumine-stovarsol senes was 0 37 day (maximum l^day) as 
compared with 0 31 day (maximum 1 day) amongst the controls The ‘duration 
of fever' in treatment S Q P was slightly longer than in treatment S Q 

Amongst the quinme-stovarsol senes 56 5 per cent showed no rise of 
temperature after the commencement of treatment, while the percentage was 
52 8 amongst the controls Rigors Among the stovarsol senes 43 5 per cent 
developed rigors inside 24 hours after the commencement of treatment 

The smaller number of patients who developed ngors in this series as 
compared with those in the previous experiments with stovarsol (Smton, 1926, 
Sinton, 1927) is probably due to tlie smaller doses of the drug used in this 
senes 


C Splenic Enlargement 

Amongst the Stovarsol group the spleen rate was 39 1 per cent before 
treatment, 17 3 per cent at the end of 1 week’s treatment and 17 3 per cent 
at the end of treatment (four weeks) Amongst the control group these percent- 
ages were 30 6, 10 2 and 7 4 respectively 


Ths^ Provo cativs; Action o? Stovarsol 

In previous papers of this senes attention was drawn to the fact that 
stovarsol had an effect in provoking a febrile reaction and the probable cause 
of this was discussed (Smton, 1927) Guenn, Borel and Advier (1927) have 
also produced evidence in support of such a provocative reaction In the 
majority of their cases they noted that dunng the course of 18 hours after the 
pnmary administration of the drug a sharp rise of temperature occurred If 
the temperature was taken hourly, the percentage of cases in which such a rise 
was observed was greater, for the nse was often of short duration They also 
found that no agpavation of the febrile symptoms occurred after the injection 
of stovarsol into healthy persons, into persons suffering from diseases other than 

nalama, "or were such febnle symptoms present after injecUon m other forms 
of malaria than benign tertian - 

In the preset series of cases severe ngors were observed in the S O 
treatment until the initial dose was reduced The provocative aehon I ^ V 
ly ..ot so marked when smaller doses of the dm. are mvl of ° 

was rv,.h da.ly doses of , ,r„ wh.ch caused afn^of Xf fefr . 

Nojoxte effects were nottced m any of the cases recorded m Cpfper 

4 
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Table II gives the cases among troops and families showing definite 
bacillary exudates, and the nature of the dysentery organisms isolated From 
52 2 per cent of cases dysentery bacilli were isolated (65 flexner and 17 sluga) 


Table II 

Cases f)Oiii all sourcc<: shozwng definite bacillary exudates 
lif examination, 1925 


1 . 1 

Month 

< 

No of exudates 

B fitxntr 

B ihxga 

January 

8 



Fcbruars^ * # ♦ 

11 

2 ' 

2 

Marcli 

1 

1 


April • 

15 

1 


May 

12 

6 

1 

June 

2G 

6 

4 

July 

27 

! 

10 

1 

August 

28 

16 

6 

Soplonibor 

0 

0 


October 

7 

4 


November 

8 

6 

2 

December 

13 

4 

2 

Total 

' 157 

66 

17 


The rise iil the incidence of cases in the months of June, July and August 
is apparent from the above tables 

From oui experience in this year it was evident that, provided specimens 
from all cases of diarrhoea were sent to the laboratory, we should have little 
difficulty in separating true dysenterj’’ from the diarrhoea and colitis of the 
past It was particularly evident that cases among the Indian troops, and to 
a less extent among British, were in the habit either of not reporting sick at all 
or too late for a positive laboratory diagnosis, and that therefore we had not 
arrived at the true incidence of diarrhoea in 1925 

We found that once laboratory media and technique were good, the question 
of a positive or negative result depended not on the laboratory, but on the 
hospital concerned If a keen medical officer or a keen assistant, or sub-assistant 
surgeon were in charge of the dysentery ward the number of positive results 
increased accordingly In fact a change in the personnel of these wards could be 
im^anably diagnosed in the laboratory by a sudden drop m the number of positive 
results Assistant and sub-assistant surgeons should be instructed and constantly 
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Poona dunng the monsoon period, has for many years been noted for its 
intestinal disorders Various investigations in the past have been earned out iv 
this connection notably by Lieutenant-Colonel J Monson, IMS the 

results and conclusions of whose work were published m 1915 and 1916 
Colonel Monson's conclusions were in bnef that — 

(a) It was impossible to separate the various intestinal disorders, varying 
from colic and dyspepsia to the most severe types of dysentery 
and choleraic diarrhoea, either clinically or bacteriologically, and, 
for the purpose of his report, all were included together under 
the term ' Poona diarrhoea ’ 

(&) That though the prevalence of flies bore a close relation to the 
intestinal disorders in the early period of the monsoon, this was 
not so after the month of August, when flies rapidly dimimshed 
m numbers Nor apparently were flies ever found to be carrying 
any organisms definitely known to be causative of intestinal 
' disease 

(c) The diarrhoea was apparently more closely connected with the rainfall, 
and probably was due to pollution being washed into Lake Fife, 
and distnbuted by the Poona water supply some six days later 
Early m 1925 it was realised — 

(t) That intestinal troubles were common among the troops apart from 
the monsoon penod, and that much of the so-called diarrhoea was 
a mild form of bacillary dysentery, mainly caused by organisms 
of the flexner group 

( 601 ) 
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1926 , January — September. 
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month of the year, there occurred among the military population 66 cases of 
bacillary dysentery, and 40 cases of diarrhoea These numbers among a population 
of close on 8,000 mdividuals (British and Indian) can not be considered in the 
nature of an epidemic It may also be pointed out tliat the above figures re- 
present closely the ‘true’ number of cases occurring among the troops in the 
station, and that many of the dysentery and diarrhoea cases, in the absence of 
specific order-s, would not have reported sick owing to the mildness of their 
attacks In 1925 the numbers were only rather more than half the above, largely 
due to the absence of specific orders that all such cases were to report sick 

In view of the new facts which have come to light in the past ten years and 
the presumption that, if cWonnation of the water supply was effiaent, the existing 
dysentery and diarrhoea niust be due to other factors than the water supply, it 
appeared that the time had come to reconsider the subject of the intestinal 
disorders m Poona and Kirkee 


The points we hoped to investigate were — 

(i) To separate true bacillary dysentery as far as possible, from simple 
diarrhoea due to other cases and to ascertain its true incidence 
among Bntish and Indian troops 

(») To follow the seasonal incidence of the dysentery and its relation to 
tile rainfall, humidity, and fly prevalence 
(ut) If the penod of increased fly prevalence was proved to correspond 
with the period of increased dysentery among the troops, to 
exarmne as many flies as possible bactenologically for the presence 
of dysentery bacilli 


(m) To ascertain whether tlie latent bacillary dysentery - which 
Colonel Cunningham had shown to be present among the Indian 
population was a source of danger to the troops 

(v) To make a serological study of the agglutination reactions of cases 
known to be suffering from bacillary dysentery (shiga and 
flevucr), both in cases from which bacilli had been isolated in 
tbe laboratory and in cases where laboratory technique had failed 
to isolate the infective organisms (dysentery group) 

{vi) To study the serological 'reactions of the organisms of the flexner 
group isolated, with a view to finding whether they agreed with 
those classified by Andrews and Inman 


(t/n) To study the agglutinin content of serum from normal individuals 
(Bntish and Indian) to B flexner and B shiga 

The results ot our investigations are not as complete as we had hoped but 
routine laboratory work had naturally to take first place, and much of ivork 

has perforce been earned out in the little spare time available after the routine 
day s work had been completed outine 

The work ceased suddenly in October 1926, owing to the unevnP.f.ni .. r 
of one of us to anotlier station, and, as a result much of tb ^ f ^ ttansfer 
remains uncompleted ’ serological work 
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Dyscntery, DiARRHoeA Cass Sheet 

Number Rank Name Uni* 

Age Date of onset Date on which first reported sick. 


Number of previous attacks 
Number of courses of emetm 

Macroscopic appearance of stools 
Colour. 


Reaction 

History of onset (Vomiting,) etc 
Pam — Nature and site. 
Tenderness and site 
Tenesmus 

Any other prominent signs or 
symptoms 

Duration of illness 

Treatment, 

Suggested causatnc factor 

1 Food, 

2 Chill 

3 Exhaustion 

A Any other cause 

Any similar cases among asso 
dates 


Days of Disease. 



1 

li 

2 

3 


5 

6 

7 

8 

9 

10 

11 

1 Blood present 

2 Colour of blood 

3 Presence of mucus 

A Presence of fseces 

5 Reaction of stool 

Temperature Morning , 

Evening I 

1 

j 

j 


i 

1 


j 


j 

1 

i 

1 

i 

[ 

I 



Tabic V showb the total numbers of bacillary dysentery and diarrhcea 
cases during the 8 months for British and Indian Troops combined It will be 
noted that 61 per cent of cases were true dysentery and 39 per cent diarrhoea 
As in former years, cases ocairred m all months, quite apart from the rainy 


January 

February 

March 

April 

May 

June 

July 

August 

September 


Table V 


Bacillary 

dysentery 

15 

25 

26 
18 
28 
34 
61 
66 
37 


Diarrhoea 

17 

14 

16 

8 

24 

14 

46 

40 

19 


I 


61 per cent 39 per cent 



Tabi,® I 

1925, Poona and Ktrkee 
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Major J Dowse, M c ^ r A m c , specially noted the clinical aspect of the 
dysentery and diarrhoea among British children admitted to the family hospital — 
These cases fell into two fairly well-defined classes — 

(o) ‘ Green diarrhoea ’ cases, with little mucus, and rarely blood in the 

stools Occasionally mucus was present in considerable 
quantities 

This type of case was found mainly in very young children, i e , under two 
years of age, and was considered by Major Dowse to be due not to fle\ncr or 
shtga infections, but to faulty feeding causing excessive fermentation, etc, ‘as 
a result of which various organisms, B w organ No 1, etc , are no longer inhibited 
and give rise to intestinal inflammation ’ The bacteriological control of these 
cases was not accurate, however, owing to the difficulties encountered in collecting 
and despatching stools to the laboratory If the stools could have been examined 
shortly after passage and m the early stages of the disease, poS&ibly many would 
have been found to be due to one or other of the dysentery bacilli In such cases 
the children’s napkins were usually sent to the laboratory, and the specimens were 
frequently dry on their arrival 

(b) Children over two years old showed symptoms m no way differing 
from the ordinary mild or severe bacillary dysentery found among 
adults Most of these cases were B ficxner infections. 

Amcebic diarrhoea, or amoebic dysentery was never discovered among children 
after Major Dowse took over charge of the family hospital 

We actually did find ‘ B hstolytica cysts ’ once in the stools of a boy twelve 
j^ears of age 

Another point which appears worth noting, was the regularity with which 
children suffering from dysentery, and treated m quarters, infected the mother, 
or other children m the same household m 3 to 4 (fays No carriers were ever dis- 
covered among the servants In two instances m which typing of B flexncr was 
carried out, the strain of bacillus isolated was the same in the mother and child 
It would appear, therefore, to be indicated that all dysentery cases among 
children should be treated m hospital, and not in quarters 

From the above observations it is obvious that ‘ Poonaitis ’ is largely bacillary 
dysentery, and that the mam infective agent is B flexner, B shiga taking only 
a minor part 

Of the 39 per cent in which no blood or mucus was seen in the laboratory, 
small numbers were found to be due to B csitryck (3), 5 gartner (1) 

B flevnef was isolated from 5 and was probably responsible for more, 
if the well known difficulty in isolating this organism apart from its presence m 
mucus be taken into consideration Gmrdta tntestmahs accounted for a certain 
number particularly among the British troops, and the remainder were probably 
due to the above three agents, plus indiscretions of diet, chills, etc 

The safne types of cases occur throughout the year and increase definitely in 
the monsoon period 

Serological examinations on 101 individuals suffering from ‘dysentery 
group ’ infections (i e , cases with bacillary exudates, but no dysentery bacilli 
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kept up to the mark as to the importance of sending specimens quickly from 
dysentery cases to the laboratory, and also as to the correct portion of the stool 

which should be selected for despatch . 

Generous financial help was obtained from the Indian Research Fund Asso- 
ciation and steps were taken to make a closer study during the year 1926 The 
initial arrangements carried out were as follows — 

(t) Orders were issued through the Officers Commanding units that 
all cases suffering from diarrhcea were to report sick at the 
earliest possible moment Local arrangements were made with 
the various medical inspection rooms for the collection and 
despatch of specimens to the laboratory 
(«) Printed instructions were given to medical officers and assistant 
surgeons, pointing out the difficulties connected with laboratory 
examination of dysentery stools, and the vanous important details 
connected with the collection of specimens 
(m) Weekly returns of all cases reporting sick with diarrhoea were sent 
to the laboratory from each M I room m order that the number 
of specimens examined could be checked by the numbers report- 
ing sick 

{iii) Printed case sheets were issued to medical officers interested on 
which a complete record of the important signs and symptoms 
of dysentery cases could be briefly noted 
(r;) Arrangements were made for as many cases as possible to be 
investigated serologically by liaving blood withdrawn at the 
commencement of the disease, and on the 8th, 12th, 16th and 23rd 
day after onset of symptoms 

(w) Fly traps were distnbuted throughout ^the barracks by Major G 
Wallace, a d h & p , Southern Command, and a weekly record 
was requested from the M O in whose area they were placed 


RESULTS IN 1926 TO END OF SEPTEMBER 
Tabic 111 illustrates tlie number of cases reported on as suffering from 
dysentery By the end of September the numbers were 142 British -Troops and 
168 Indian Troops, a great increase on the numbers occurring in 1925 This 
increase was in the mam due to the orders regarding all troops reporting sick 
at the onset of an attack of diarrhoea In the 9 months there was a total of 
310 bases of bacillary dysentery as compared with 190 -in the 12 months of 1925 
Only 13 cases of amcebic dysentery were encountered 

Tabic ZE -gives the distribution of bacillary dysentery and diarrhcea amonn 
the vanous units On the whole m proportion to the numbers of individuals in 
the units the incidence was much the same throughout the cantonment It was 
noted that the Indian Troops suffered less from diarrhma than the Bntish Troons 
but, as was expected, gave a higher incidence of dysentery, probably due to’ 

relapses in cases suffering from the condition termed by Colonel Cur. u 
‘Latent Dysentery’ ^ Cunningham 
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Investigation of Dysenteiy in Poona. 


7 Amoebic dysentery is a comparatively rare disease among the troops as 
contrasted with the prevalence of bacillary dysentery 

EPIDEMIOLOGY 

The next step m the investigation was as far as possible to ascertain the 
source of infection, and the method by which infection was conveyed to the 
troops 

For the description of the sanitary arrangements existing in Poona given 
below, I am indebted to Major G Wallace, onK ramc,A D H &P(., Southern 
Command 


Poona 

Poona — consisting of Poona city, the cantonment, part of the suburban 
municipality and the railway area — is situated on the right bank of the Mutra- 
Mula River at a height of about 1,850 feet above sea-level 

The ground is undulating from east to west with drainage to the north 
towards the river by means of several nullahs ^ 

The city is generally lower than the cantonment 

The soil consists of stratified trap rock which frequently outcrops on the 
surface but in other places is covered by hard moorum 

Climate 

The hot weather lasts from March till the end of May, the maximum tem- 
perature reached being about 110°F in May 

The rams begin early in June and last till the end of September, the total 
rainfall being about 27 inches per annum 

In the cold weather the days are bright and warm, while the nights are cold 
and bracing The maximum temperature reached, in December may be as low 
as 42"? 


Water Supply 

The water supply is from Lake Fife, an artificial collection of water situated 
to the south-west of, and some 11| miles by road, and 7 miles m a straight line 
from Poona city The water from this reservoir is earned by an open canal 
which ijins roughly north-east of the vianity of Poona city and then passes east 
through the cantonment The water m this canal is liable to pollution through 
the greater part of its course The supply for the aty is taken from the canal 
at the south-west corner near Parvati and is chlorinated The cantonment supply 
IS taken from the canal near St Mary’s Church, passing through settling tanks 
and rapid filters, and is chlonnated 

The daily bacteriological analysis of this supply throughout the year has 
shown a uniform absence of lactose fractors m 100 cc Oa 30 occasions, between 
the end of May and the beginning of November 1926, 500 cc were examined 
Lactose fractors were found to be absent from this quantity on all occasions 
except one (September 2nd) 
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season, but a rise m the number of cases commenced in Tune and increased in 

July and August, dropping m September 

By the end of August 200 definite exudates, and 73 indefinite exudates had 
been bactenologically examined From the former B fle\nn was isolated in 
61 per cent of cases, and B sJuga in 10 per cent of cases From the latter 
exudates F ficAuer was isolated m 26 per cent of cases {\7 B flc\ner, 
2 B slnga) 

Clinically by far the great majority of the cases were extremely mild in 
character, the symptoms being usually those of a fairly acute diarrhcea, followed 
by the appearance of blood and mucus m the stools In a comparatively large 
percentage freces persisted m tlie stools throughout the attack, and blood and 
muais w^ere passed -only m small quantities This mild foim of dysentery is 
typical of the condition known throughout the Cantonment as ' Poonaitis ’ All 
grades of seventy how'e\cr, w'cre met with, up to really severe acute bacillar\ 
dysenteric attacks wnth high temperatures, se\ere tenesmus, and frequent stools 
consisting entirely of blood and muais ^'lle severity of the attacks appeared 
to depend very largely on the promptness wnth wdiich proper treatment was 
instituted during the preliminar} diarrhoea Both B <;Inga and B were 

isolated from verj*^ mild cases, and ver}”^ severe cases, i e , the seventy of the 
attack gave no indication of the nature of the causative organism The B slnga 
infections m 1925, were distinctly more severe than m 1926, when these cases 
reported sick as soon as diarrhoea commenced 

Cases from wdiich B schmife was isolated w'ere distinctly severe m nature 
Blood and mucus on the average persisted longer m the stools than m the shiga 
and flexner infections The temperature, although not high, remained raised 
for several days, whereas m slnga and flexner infections the temperature almost 
invariably dropped to normal after treatment by serum and salines had been 
instituted 

Careful records were kept by Captain W Aitchison, lu c , i m s , on the 
special case sheets provided by the laboratory, of 150 patients 

In this senes of cases, the average day after onset of symptoms on which 

blood was found microscopically to be present m the stools w'orked out at 
4 6 days 

Mucus was found to persist up to the 5 45 day 

Feeces remained present m the stools throughout the illness m 32 5 per 
cent of cases * 


In the more severe cases, m which the fasces had been replaced entirely bv 
blood and muims, fa^es were reported as again being present m the stools on 
the following days after onset of symptoms — 


2nd day 
3rd day 
4th day 
5tli day 
6th day 
7th day 
9th day 


15 32 
24 19 
29 03 
14 51 
12 9 
3 22 
08 
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InvesUgahon of Dysentery m Pootm 


Litter IS now removed from the area by carts and motor vans and when 
not used m the filth pits is staclced in heaps, where, as noted some years ago by 
Lieutenant-Colonel Morison, i m s , apparently no fly breeding takes place 

The writers would add to these notes — 

(t) That the Manick Nullah separates the city from the cantonment, 
and that this nullah is in practice merely a vast open latrine 
(n) The open pans are emptied nominally by 10 a n) and 6pm and 
that during the remainder of the 24 hours the pan contents are 
^ exposed to the air 

(lit) Although latrines may be available at close range, such amenities 
aie usually disregarded by the lower class Indian child and the 
ground beside the godown is generally selected in lieu 
(iv) Wiierever building on any scale is proceeding, coolie camps spring 
up like mushrooms, and the sanitary arrangements of these often 
beggar description 

(-y) The cantonment authorities permit officers and others to rent stables 
m their compounds to horse owners during the racing season, 
which corresponds to the dysentery season, and, as a result, 
1,200 horses and their syces are scattered throughout the canton- 
ment area, often under very unsuitable conditions 
(m) During the season there are, as a rule, race days twice a week, and 
on these days thousands of Indians swarrn into the cantonment 
from Poona city, and an extra strain is thrown on the existing 
sanitary arrangements 

Bacillary dysentery and diarrhoea, as we have seen in Table V, are present 
throughout the year There is a considerable rise in the number of cases in July 
and August, but there is no indication of any epidemic Up to the end of July 
the average constantly sick for bacillary dysentery and ‘ dysentery group ’ for 
British troops was 2 84 per 1,000, and for Indian troops 1 88 per 1,000 These 
figures also represent numbers of cases who without specific orders would not 
have been diagnosed as such, and among the Indian troops particularly would not 
even have reported sick 

METHOD BY WHICH INFECTION LS CONVEYED TO TROOPS 

Watbr Suppi,y 

Lieutenant-Colonel Morison working in 1912, 1913, traced very clearly the 
‘ monsoon diarrhoeas ’ to the pollution of the water supply in Lake Fife Daily 
records of the rainfall m 1926 are shown in Chart III for the months of June, July, 
August and September 1926 The monsoon broke on 8th June, the ram fell on 
the 10th, 11th, 13th and 27th of this month Ram fell almost daily in July and 
August and from 12th to 17th September We can trace no direct connection 
between the rainfall and the number of dysentery cases In Chart HI, it can be 
seen that the latter (considering that they are furnished from some thousands of 
individuals) show no evidence of any sudden increase after the heavy rainfall 
recorded on the chart Chart IV shows that there is a comparatively steady 
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isolated) confirmed our opinion that the majority of these cases were flexncr 
fpphnns 57 4 oer cent of these cases demonstrated a rise in their agglutmu 
"to /Aw after tar attack of dyaentery Serologrcal exan,.nat,o„r 
of cases of definite fieuic, infections showed that only 71 9 per cent produc a 

increase m agglutinin content to B fleAner , , , ^ . 

None of the dysentery group cases developed an increased agglutinin content 

to B shxga -o ^ tt 

A detailed account of these serological examinations is given m iart 11 ot 


this Report 

It will be seen from Chart I giving the hospital admissions for amcebic 
and bacillary dysentery (including ‘ dysentery group ’) for the past few years 
how large a number of dysentery cases must have been diagnosed under other 
headings m the past The drop m the number of amoebic infections is also evident 
— and we would emphasise the fact that none of the ' dysentery group ’ cases have 
been treated with emetine during the years 1925-1926 

That similar conditions exist m other places than Poona is shown in 
Chart II giving the incidence of dysentery cases in Secunderabad for the same 
periods Captain Loganadan, i m s ^ took up the investigation in the brigade 
laboratory there in the Autumn of 1924, with results similar to those we obtained 
m Poona A nse during the* monsoon period is also seen, and the predominant 
organism found is B flcxner 

Secunderabad is chosen as an illustration, as it has been considered in the 
past one of the worst stations in India as regards amoebic dysentery 

Similar conditions to those demonstrated in the above two stations have been 
found by other military laboratories also during 1925-26 in many other parts of 
India, both north and south, and that there is little doubt that India, as far as the 
army is concerned, will shortly fall into line with other eastern countries in this 
question of the differential diagnosis of the dysenteries 


Summary or Conclusions 

1 Poonaitis is largely a mild B flexner infection, and owing to its mildness 
has not been diagnosed as dysentery m the past 

2 Bacillary dysentery, again mainly B ficxner infection, accounts for most 
of the more severe cases of dysentery These cases were usually diagnosed 
amoebic dysentery in former years 

3 B shtga plays only a minor part in the production of dysentery m Poona 
and if such cases report sick on tlie 1st pr 2nd day of the attack and are treated ‘ 
at once, the cases are usually as mild as the B fierner infections 

4 By the microscopic examination of mucus, it is possible to separate mild 

baclla^ dysanttry from d.arrhaa .n nearly all cases, if the hoLtals and 
laboratory co-ordmate properly puais ana 

5 Dysentery group ’ as a diagnosis is a confession of failure and in tViP 

mam such cases m Poona have been B flevner mfections ’ ^ 

6 Bacillaiy dysentery and diarrhma are present throughout all months of 

the year and increase in numbers m the monsoon period, ^ ^ 
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shower of ram, flies would swann into buildings and high catches would be 
recorded unexpectedly It was found best in the end to add all tlie records of 
catches togethei for each week and make a graph accordingly The graph is 
shown on Chart IV, and on the whole hears a close relationship to similar obser- 
vations in past years The figures bear out also our own personal observations 
as to the prevalence of flies at particular periods A glance at the graph \nll 
show that there is a very striking relationship between humidity, prevalence of 
flies, and incidence of bacillary dysentery Also, it will be noticed that although 
the humidity remains high, the flv curve and number of dysentery cases drop in 
September This was also appaienl m 1925 and the same drop in the number of 
flies was noticed by Lieutenant-Colonel Morison in 1913 In all probability it 
IS as he states due to a fungus such as Empusa muscas found in England Time 
was not available to study this matter, but it is a subject which should be investi- 
gated Temperature, huinidit}'', and all other conditions for fly breeding remain, 
but the numbers of flies invariably drop at this period of the year 

The relationship between the number of flies caught and the number of 
dysentery admissions is even closer than indicated in the chart 

The units returning the fly counts divided each month into four penods, 
and sent in numbers caught as per week The admission of dysentery cases were 
worked out for penods of 7 days irrespective of the day of the week Hence 
in the diagram the peak of the fly curve is shown after the peak of the dysentery 
curve, actually they coincided The actual findings are shown below — 

Dysentery admissions, Number of flies caught, 




July and August 

July and August. 

Week ending; 

2nd Jul} 

8 cases 

1st to 11th July 

1,340 

IF 

II 

9th July 

10 cases 

11th to I8th July 

lsS7S 

IF 

II 

16th July 

10 cases 

18th to 25th Tuly 

4,050 

II 

II 

23rd July 

IS cases 

2Sth to 31st July 

4,939 

II 

II 

30th July 

16 cases 

31st July to 8th Aug 6^2 

II 

II 

6th August 

18 cases 

8th to 15th Aug. 

2,803 

II 

II 

13th August 

16 cases 

ISth to 22nd Aug 

2,810 

II 

>I 

20th August 

15 cases 

22nd to 29th Aug 

1,855 

>} 

II 

22nd August 

14 cases 




It IS again emphasised, however, that fly counts can only be taken as indica- 
ting within broad limits the prevalence of flies m the penods indicated That , 
flies were most prevalent between the 18th of July to about the 14th August was 
undoubted 

Chart IV also shows well the number of fresh cases met with apart from 
the monsoon inadence On the whole the number remains fairly constant, with 
occasional nses and falls, i e , the sudden drop in the week ending 3rd September 
This latter was not due to cessation of ram, as ram had fallen each day from 
22nd to 31st August We have, therefore, the fact tliat baallary dysentery cases, 
diarrhoea cases, and flies are present in Poona throughout the year and largely 
nse and fall together The water supply from stnet bacteriological tests, and 
from the evidence of the relationship of the rainfall to cases, appears to have no 
direct relationship, under the existing conditions of chlorination, to these diseases 
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Sanitation 

The dispo<-aI of filth and refuse lu the Poona area is still extremely unsatis- 
factoiY, although \\ith the provision of a water carriage system, which is now 
under constiuction as a joint scheme, there is some hope of improving it 

Latrines are piactically all of open types Tn some pails of the area, eg, 
the cantonment, attempts haie been made to form public latrine groups While 
such grouping is of value in ciwuiing better surpei vision it undoubtedly leads to 
fouling of the ground-in areas away from these groujis This is specially marked 
along the city side of the kfanick Nullah where there are very few latrines 

In addition to the latrine gioups thcic are many isolated latrines of prnale 
ownership, or situated in the compounds of prnate bungalows 

Disposal of mghf-':oil is on the removal svstem and each latrine or latrine 
group is equipped u ith covered receptacles to which the pan contents are trans- 
ferred pending transference to the filth carts, or as in Poona city, to the pat! 
depots of the small watei carriage system at present serving with that area 

The transfer of the pan contents to the receptacle in uhich the^ are protected 
from flies takes place in the public kitrines nominally twice dailv In the private 
latrines much less attention is as a rule paid to this and the pan contents may 
remain exposed for considerable periods In all cases the continued exposure is 
obviously a dangerous procedure 

Prom the latrines the covered receptacles are taken and emptied into the 
filth carts lor removal to the trenching ground, except as noted above for 
Poona city 

There are two trenching grounds for the area That of the suburban 
municipality is situated close to the river bank and just to the north of the 
recently developed Koregaon Estate It should here he noted that pan contents 
from a part of the suburban municipal area situated to the left bank of the 
nver are carried hack to the trenching ground which is now close to a residential 
area 




The cantonment trenching ground is situated some 1,800 yds 
of the cantonment boundary 

The pits of these trenching grounds are filled with a mixture of ))an 
contents and litter, or drjr refuse, which is allowed to rot and is then dug out 
and sold as manure 

trenching and a Mry large amount of fly breeding 
'atio/dn™™ !>«"’<* August to October Close obser- 
■into the inhabiW area 

no Mmme pT'’” ““r"'"’ unsatisfactory Practically 

Ihe annual population of sonrf Em i ° "i r ' »'**“<»’ to 

season UnSef .l,ese cl.rs flyt^ iZtt 

heavy ^ oreeaing trom this source is exceptionally 
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hweshgaiion of Dysentery in Poona 

we provided, and that the laboratory should send daily to collect these from the 
cantonment office The specimens \/ere to be labelled with the number of the 
latnne from which they were collected 

June — This senes of examinations commenced on 13th June During the 
period 13th to 30th June, 52 specimens of blood and mucus arnved m the Jaboratorj' 
These were examined microscopically 26 were definite bacilhary dysentery 
17 were reported as indefinite but suggestive of bacillary dysentery In addition 
30 other specimens of loose stools in which the sweepers stated blood and mucus 
- were present, were received, but as no blood and mucus could be seen in tlie speci- 
mens they were not bacteriologically examined owing to pressure of routine work 
From the 52 blood and mucus specimens 10 B flc\ncr and 1 B shiga were 
isolated 

Jxdy — 120 specimens w ere collected in which the sweepers stated blood and 
mucus were present 57 contained sufficient mucus for examination and 1 was 
a large intestinal slough 29 were typical bacillary exudates and 28 indefinite 
B flevner was isolated in 11 cases 

After Jul> no further specimens were received, and as we considered we 
had obtained sufficient evidence of the presence of infective material supplied by 
the local population in the cantonment and had more work m the laboratory than 
could be dealt with, we did not press the matter 

Specimens had been leceived from over a large area in the cantonment and 
in considerable numbers If it is realised that the specimens were collected by 
Ignorant sweepers without any skilled supervision, the numbers actually received 
must have only been a fraction of those existing Many of the specimens must 
have been lying for hours before they reached the laboratory B as was 

expected, was the dysentery organism isolated in greatest numbers 

It appears to us very evident that latent bacillary dysentery is as great a 
danger in Poona as m Madras, and that there is an ample supply of Baalhis 
flevnei arailable for the fly to pass on 

Further evidence of the extent of the fle\ncr or shiga infections among the 
troops, we thought might be gamed from the serological examinations of indivi- 
duals not suffering from dysentery, or from dysentery cases in the early stages, 
1 e , 1st or 2nd day, before agglutinins caused by the attack of dysentery could 
have developed 

We commenced tlierefore in January examining as many individuals as possi- 
ble on those lines The blood serum was put up against the five standard 
B flenner strains, and B shiga standard Oxford cultures The lowest dilutioil 
of serum used was 1 to 25 

The results m brief were that 31 8 per cent British troops (average service 
In India, 2 to 5 years) and 50 6 per cent Indian troops contained in their serum 
agglutinins to one or all of the standard ^exner strains Flexner V appeared to 
be the predominant strain among both Bntish and Indian troops 

Actual details of titres found, etc , are given in the laboratory notes at the 
end of this report 
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incidence of dysentery throughout the monsoon months, high from weeks ending 
23rd July to 27th August Heavy ram had commenced and continued daily 
from 5th [uly, but during the weeks ending the 9th and 16th Ttily there were only 
two cases admitted per week more than m the week 21st May in which monti 
ram had fallen on the 3rd and 4th days only These two weeks m July show 
fewer cases admitted than in the week ending 19th February, a month in whici 
there was no ram at all Ram also fell from 12th to 18th September following on a 
penod of ten days dry weather and the drop in the dysenteo' admissions continued 
Similarly m the month of Tune there is no particular increase in the number of 
cases In fact the”number of diarrhoeas recorded was consideiably fewer than m 
May, when except for small showers there was no rain, i e , 

Dysentery Diarrhoea 

May 28 24 

June 34 14 

The chlorinated water is, as Major Wallace states, examined hacteriologically 
daily Lactose fermenters throughout the year have been absent in 100 c c , and 
dunng the monsoon penod in 30 tests were only found once m 500 c c We have 
also frequently tested the tap water m the laboratory and have never found 
lactose fermenters m 100 c c. This is as high a standard of purity as could be 
obtained m any w^ater supply 

That dysentery organisms are easily destroyed by other bacilli and die out 
soon after passage in the stools, is a commonplace, and therefore, that these 
organisms should remain alive m the water of Lake Fife for four days (minimum) 
and still persist in water which is sufficiently chlorinated to destroy resistant 
lactose fermenting organisms m 500 c c seems to us to bfe impossible 
' Further there is no evidence of other water-borne diseases among the troops^ 
m the cantonment Any enteric cases have been traced to carriers except for 
one or two isolated cases, and there have been no cases of cholera 

Whatever the conditions may have been in the past, it appears quite obvious 
to us that the water supply is not now concerned with the spread of either 
diarrhoea or dysentery in Poona, and that the rainfall, except indirectly, by 
producing other factors, has no connection with the dysentery and diarrhoea 
increase m the monsoon 


hLIKS 

Fly traps were distributed by Major Wallace among the vanous units, and 
placed m cookhouses, coffee bars, institutes, etc A record of the weekly catch 
was asked for from the Medical Officer in charge of the unit 

It was very soon found that the figures obtained would only give a verv 
broad md, cation of the number of flies prevailing For example, some MedicS 
Officers were considerably more active than others m supervising the baiting of 
the traps and the actual counting and recording of the flies The habits of flies 

empty There would appear often to be ^fe; a" 
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A dry plate is of course absolutely essential Plating out on a wet plate is 
merely a waste of time 

On the next day likely colonies were picked off, if possible five from each 
plate, and inoculated diiect into glucose and mannite peptone salt solution, plus 
Andrade’s indicator After 24 hours’ incubation of these sugars, it was possible 
to run through the senes of tubes quickly, and discard any organisms not ferment- 
ing either glucose and mannite, or glucose only, without gas This method saved 
a great deal of time, and in practice was very efficient Colonies giving the 
reactions of flcMio group, or of B shiqa, were then dealt with by subcultunng 
from the glucose tube into lactose, dulcite, peptone salt and broth The lactose 
tube, if the sugar was not. fennented m 24 hours, was kept in the incubator for 
three weeks to ascertain if die strain was a late lactose fermenter 'The peptone salt 
culture was tested for mdol by Dr Gore’s technique using Bohme’s solutions 
The broth culture was first examined by the hanging drop method for motihly, 
and then formalinized by the addition of formalin to 1 per cent and kept for 
serological tests 

Teague and Clurman’s glycerin and saline solution was found to be very 
efficient, when specimens had to be sent from outstations, and B fleeter was 
isolated frequently in specimens sent from Aurangabad, Belgaum and Ahmad- 
nagar by tram Dried films of mucus from outstations were also found useful 
as a means of diagnosing the bacillary exudate We found the best stain for 
these to be ha?matoxylin, and Biebnch’s scarlet as a counter stain, after fixation 
m methyl alcohol As a matter of fact if a reasonably large sample of mucus 
was placed in the glycerin and saline solution and not emulsified too thoroughly, 
this solution preserved the cells wonderfully well In cases of suspected amoebic 
dysentery covershps from outstations sent in 70 per cent alcohol after fixation in 
Schaudinn’s solution were examined after staining by Heidenhein’s iron-hsema- 
toxylin (long method) 

Macroscopic appearances of the stools were in the mam as desenbed by Acton, 
Knowles and other authors In the nuld fiexner cases, particularly among Indian 
troops, the mucus was often in very small amounts and was frequently missed 
by the hospital subordinate whose duty it was to select the sample for trans- 
mission to the laboratory In bacillary cases it was invanably neutral or alkaline 
to litmus paper 

Microscopic appeat antes appeared to us more important than the macro- 
scopic, and tlie diagnostic value of the cellular exudate simply cannot be over- 
stared In acute cases two seconds’ examination after a little experience are 
sufficient for diagnostic purposes 

In the very mild flexner cases, however, careful search was often necessary 
to find the small collections of polymorphonuclear leucocytes among the debns 
of the loose stool Had we been able to select the sample for examination 
ourselves from the entire stool there would probably have been less difficulty 
Such specimens were often reported upon as indefinite but suggestive of bacillary 
dysentery 

The results of bacteriological examinations of these cases have already been 
' given, and the results of serological tests on the patients are discussed later 
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The next step was to ascertain whether by bacteriological examinations the 
local flies could be proved to be flies of flexner bacilli 

Owing to pressure of work not many examinations of flies were carried out, 
but the results of the few that were done appeared to prove conclusively, that 
not only are flies capable of acting as carriers, but that the fly infection is a heavy 
one Dunng August flies were sent to the laboratory on 8 occasions from the 
coffee bar of the 2nd battalion K S L I The method of examination was 
earned out on lines sent to me by Dr Manson-Bahr, i e , twelve flies after a 
thorough flaming were emulsified in peptone salt solution and the supernatant 
fluid plated out 

On three occasions out of the eight, orgamsms biochemically and morpho- 
logically identical with B flexner were isolated On the first occasion this organ- 
ism was in pure culture on the plate One of the three organisms isolated was 
agglutinated to a titre of 1-50 by flexner W and Z serum (test carried out by 
Dreyer’s method) In September two further B flexner were, isolated in ten 
examinations Furtlier work is being carried out on similar lines by Major Walker, 
a A M c , now in Poona, and he informs me that he has already isolated 2 further 
B flexner agglutinating with polyvalent serum 

In addition all the various other faecal organisms encountered m our bacterio- 
logical examinations of dysentery cases were isolated m these few fly examina- 
tions, including, among others, B nwtgan No 1 on several occasions 

The case against the fly appears to be proved, and indeed this finding agrees 
with experience in many other parts of India 

In places in which the conditions of the water supply, rainfall, e(c , are quite 
different from one another — for example Quetta and Secunderabad — bacillary 
dysentery (flexner) comes to a head in the fly season Dr Manson-Bahr showed 
some years ago tliat similar conditions prevailed in Fiji Throughout the east 
two common factors in the production of intestinal disease can always be found, 

1 e , flies and fasces on which flies can feed, however much other conditions may 
vary 


Source or Origin or B fie Aim 

The next step was to find the source of origin of the supply of B flexner 
tq. the troops Lieutenant-Colonel Cunningham’s work had shown that latent 
dysehtery in Madras and Bengal was extremely common If similar conditions 
prevailed m Poona, the open pan latrine with its contents exposed for hours, and 
possibly days, to the fly population appeared to be the most probable source of 
infection Civil figures from hospitals and dispensaries could not help us much, 
^ little or no attempt has been made to separate baallary from amcebic dysentery* 
The gaol population of Yarowda was well outside cantomnents, and therefore 
could not be a source of infection Attention was therefore directed to the 
cantonment public and sen^ants’ latnnes 


Lieutenant-Colonel Reid, the cantonment executive officer, kindly rave us 
access to the sanitary inspectors, who arranged that the sweepers should collec 
any specimens of blood and mucus they found into f^ces collection tubes, which 
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Among the 187 cases examined, on only three occasions were agglutinins to 
B shtga standard culture found present in dilutions of 1 to 25 or over One, a 
European of many years’ service in India, had been complaining for some time o 
abdominal discomfort with occasional passage of mucus Unfortunately he refused 
to have any bactenological examinations carried out The other two were 
Indians Both had suffered from frequent attacks of dysentery, and in both case«> 
B shiga was isolated 

In view of these findings over a large number of examinations, it would 
appear worth while to consider the question of carrying out serological examina- 
tions in order to detect earners of B shiga We expected to find a large proportion 
showing agglutinins in 1 to 25 or over, but except as noted above, none 
were found 

Possibly the use of other agglutination methods than Dreyer’s may account 
for the accepted idea that agglutinins to B shiga are present m a large number 
of healthy individuals in the tropics m a dilution of serum over 1 to 25 

That ‘ contact infections ’ occurred apart from the agency of flies, appeared 
to us to be proved by the frequency with which the ' mothers ’ of children suffer- 
ing from dysentery and treated in quarters, were infected while nursing their 
children Many such cases occurred among families including those of officers 
If such cases can occur among individuals who understand the dangers of infec- 
tion, and who are scrupulously clean, we can easily realise the ease with which 
the Indian servant passes on his infection The fact that a little mucus is passed 
is too trivial an occurrence to merit any particular attention as regards increased 
cleanliness of the hands in these individuals 


Summary and Conclusions 


1 Chlorination of the water supply m Poona is efficient The water supply 
IS not responsible for either dysentery or diarrhoea now endemic m the canton- 
ment 


2 There is a heavy infection among the Indian population in the canton- 
ment of bacillary dysentery (B flexner) 

3 This is passed by them to the European population and to each other by 
direct contact (hands, etc ), throughout the year 

4 Ekes are responsible for the large increase m these diseases during the 
monsoon period 


5 The existing sanitary arrangements in Poona are absolutely ideal for the 
spread of bacillary dysentery 

111 conclusion we have to thank Major G Wallace, obj:, ramc for his 
notes on the sannatton of Poona, and for arrangtng and superv.smg the Ay omt 
etc. Major Dowse, mc, ramc. Major Pottmeer ai r \ a / 

Captain Aitchison, m c, i m s , for giving us tlie benefit of their chmea/ obsem 
tions, and also for the trouble they have taken m a.u ^ obsen^a- 

their cases were sent to the laboratory in such a manner'^L specimens from 
of a positive isolation of the infective baallus ° 
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Oigamsms other than dysentery bactllt encomteied m the hactenologtcal 
eraimnattons of bactllaiy dysentery stools 
At the commencement of this investigation we recorded these other intes- 
tinal bacilli, but It was soon obvious tliat if the hospitals and the laboratory were 
absolutely up to the mark as regards co-ordination, these other baalli were only 
of secondary or of no importance 

In the later stages of the disease orgamsms of the B fcccahs alkaltgenes 
group were almost universally piesent and B inorgan No 1 was found in the 
great majority of cases sometimes early along with B fleaner, but more often 
from the 3rd day onwards In some cases where we had failed to find 
B flcxner but large numbers of B morgan No 1 had been present daily, we 
endeavoured to find evidence of agglutinins in the patient's serum to this baallus, 
but were never successful in dilutions of seium of 1 — ^25 or over 

Another bacillus was frequently met with fermenting glucose only, but 
without gas This bacillus, although really motile, was often non-motile when 
first isolated As it produced indol it might possibly be confused with B schnnts 
unless subcultured several times, and exaimned for motility each time An 
agglutination test with B schtiuts serum of course settled any doubt We con- 
sidered this bacillus to be a strain of the nwigan group Several patients’ serum 
was also tested against this baallus without result 

B sclmntc was encountered on several occasions and serologically proved 
The agglutination results of 11 tests with the patients’ serum are given later 
under serological tests 

Late lactose fermenting organisms in all respects resembling B fiexner 
were isolated m a certain number of cases It was found necessary to keep the 
lactose tubes of apparent B flcxner for long periods in the inaibator to collect 
these 

Some strains were found to be turning the indicator as late as tlie 17th day 
In all 19 strains were isolated All were tested by Michaelis aad agglutination 
test and three gave flocculation The remainder showed no flocculation Three 
of the latter have agglutinated to a reasonable titre by monovalent flexner 
serum, le, 75 per cent m eight hours, two further strains in low titre Owing 
to lack of time we have not completed the investigation of these strains, but 
hope to do so later Similar baalli have never been encountered by us apart 
from an attaclc of dysentery during the numerous stool examinations earned out 
in the past two years 

A coliform organism fermenting glucose and mannite with acid and gas, but 
not dulcite, and fermenting lactose late (Sth day onwards) was frequently 
encountered in the late stages of the disease, and m chronic mild cases with 
tew symptoms but abdominal discomfort and occasional passage of micro- 
scopically indefinite mucus In one such case a vaccine prepared from this 
bacillus was immediately successful m clearing up the condition 

Mixed infections of amoebic and bacillary dysentery we found present m 
only 2 per cent of our cases In these there was present a typical baallary 
exudate, and B flexner tvas isolated, but the condition , did not cl^r up, and 
eventually E histolytica was found and the case responded at once to emetine 
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I BACTERIOLOGICAL EXAMINATIONS 

Beood and mucus from 190 baallary cases m 1925, and from 300 up to the 
end of September 1926, were examined in the distnct laboratorj^ 

These figures refer only to cases among tlie troops m Poona and Kirkee, 
and are exclusive of specimens sent m from outstations 

Technique 

The routine earned out was that a portion of mucus was picked up on a 
platinum loop, rinsed gently m sterile saline, and then streaked across a bile salt 
litmus lactose agar plate by means of the platinum loop 

At the same time another speamen of mucus was placed on a slide, flattened 
out under a coverslip and examined with the 1|6 lens 

It IS important that only a small portion of niucus be taken for this examina- 
tion in order that as thin a speamen as possible be exaimned The result of 
microscopic examination was then sent to the M O i|c case 'by the hearey of 
specimen/ stating other that a bacillary exudate was present, E histolytica present, 
or that no definite opinion could be given This advance report was found very 
useful from a treatment point of view 

The time at which the stool was passed, and of its plating out, plus the 
reaction of the mucus and the macroscopic and microscopic appearance were 
entered in a special register 

Litmus lactose bile salt medium was found much the easiest to work with 
once good litmus granules were obtained ^ ' 

( 623 )' 
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101 complete serological tests were earned out on the above class of cases 
Definite exudates 79 cases (47 B flerner isolated) 

Indefinite exudates 22 cases (7 B flerner isolated) 

SpROi^oGicAi, Examinations of the 79 Definite Cases 
55 (69 6 per cent) show a rise in titre to one or all strains of B fiexner 
22 of the 55 had nil agglutinins present when first examined Agglutinins were 
found present for the first time in most of these cases on the 12th day, and on 
the 12th day the rise in titre for the already existing agglutinins became 
apparent 

The maximum titres reached against the standard Oxford strains by these 
55 sera are as follows — 


Serum of 55 Patients 
versus 



Fiexner 

Fiexner 

Fiexner 

Fiexner 

Fj^xner 

V 

Nil agglulinms present 

W 

X 

Z 

Y 

throughout test 

4 

7 

17 

24 

As fiexner V bat 

Titre 1—25 


13 

12 

7 

m rather less 

Titre 1 — SO 

10 

10 

16 

10 

proportion 

Titre 1-125 

19 

8 

9 

7 


Titre 1—250 

22 

7 

1 

7 


Total were tested 

55 

55 

55 

55 


Day of Disease 

ON W HIGH 

Maximum Titre was 
I HE 55 Cases 

; FOUND PRESENT AMONG 

4 cases (7 2 

per cent) reached highest titre on 

8th day 

of disease 

12 „ (217 

per cent) 

>> >> 

97 77 

'12th „ 

77 77 

11 » (20 

per cent) 

tf )) 

77 77 

16th „ 

77 77 

28 „ (52 7 

per cent) 

*) 

77 77 

23rd „ 

77 77 


From the above figures it will be seen that agglutinins to fiexner V pre- 
dominated 111 these patients’ sera, being absent in only four cases out of 55, and 
also that the 55 sera agglutinated V m a higher titre on the average than the 
other strains 

In lery few instances did the agglutination reactions to the various strains 
give sufficient indication of the type of infecting strain of B ficiner as will be 
seen from the histograms picked at random from those made on these 55 tests 
Occasionally one strain did predominate, but owing to the irregular appearance 
of the agglutinins in general, little value could be attached to this 

B fiexner Cases 

From both definite and indefinite exudates 54 B fierner were isolated 
39 of these case^ gave a nse in titre to the standard fiexner cultures, i e 
71 9 per cent Of the 15 showing no rise, 8 cases had an entire absence of 
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Summary or Conclusions on SURirs or Tlsts 

1 71 9 per cent B flcxncr infections produced agglutinins to B fleAtter 

2 57 4 ])er cent ‘ group ’ infections demonstrated a similar production of 
agglutinins to B ficrner 

3 Agglutinins to B flcxncr appeared irregularly usually about 12th day, 
and m most cases were highest on 23rd day after onset 

4 Flexiter V agglutinins appeared to predominate but that this can be 
taken as an indication that flcxno V is the mam infectious strain is doubtful 

5 The seventy of attack bore little relation to the production of agglu- 
tinins 

6 B shtga agglutinins were not found to be present in any of the sera of 
the dysentery group cases tested 

III SEROLOGICAL EXAMINATIONS 

Serological examinations of British and Indian troops not suffering from 
dysenter)% or on 1st or 2nd day after onset of dysentery, before agglutinins due to 
existing attack could become ap]iarent in the serum 

Bnlish troops — CO Inrlmn troops — 121 



Pntish 

Troojis 

Indian 

Troops 


Per cent 

Per cent 

Porcent-ago RhoMing standard agglutination to an} 
in a litre of 1 — 25 or omt 

*tmin of flexner 

S 

[50 0 

Porcentago aluAMiig agglutiniuR to — 



Fkxner V 

00 

73 0 

Flex7i€r IF 

23 8 

2<) 2 

Fkxnrr X 

38 1 

42 7 

Flexner Z 

28 0 

27 0 

Flexner Y 

42 n 

54 0 


The actual titres of agglutination reached against the different strains were 
as follows — 


PntiBli Troops 

1-^26 

1 — 50 

1—125 

1—250 




Per tent 

Per cent 

Per cent 

Ptr cent 


Por cent 

Flexner V 

18 

35 

13 


ZS3 

GO 

Flexner IF 

14 3 

9 5 



zrx 

23 8 

Flexner X 

^ 14 3 

14 3 

9 5 


== 

38 1 

Flexner Z 

14 3 

14 1 



z=: 

28 0 

Flexner 7 

4 8 

21 S 

14 3 


=: 

42 9 

Indian Troo}>s 


\ 





Fkxner V 

24 0 

23 

23 

3 3 

= 

73 9 

Flexner 

13 1 

18 2 

49 


z=s 

20 2 

Flexner X 

10 4 

19 7 

4 9 

1 7 

= 

42 7 

Flexner Z 

14 S 

11 4 

1 7 


ssa 

37 9 

Flexner 7 

11 4 

21 3 

IS 

33 


54 0 
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hnpoitance of speed %n despatch of specimens to the laboratory 
The time at which the stool was passed was entered upon all laboratory 
reports sent witli the specimen to the laboratory, and was on the whole fairly 
accurate At any rate the fact that the time had to be entered impressed on 
subordinates that speed in despatcli was important On looking through our 
records the greatest number of B fternc) were isolated from fresh specimens 
received m the laboratory two hours after passage, and even up to three hours, 
but not beyond this period except in very few cases, unless the specimen had 
been sent in the 30 per cent glycerin in 6 per cent saline solution From 
specimens received m the laboratory under 30 minutes after passage a positive 
result was almost invariable 

Importance of sending specimens to the laboratory early in the disease 
Our records show clearly the importance of specimens being sent to the 
laboratory as early as possible m the disease 

Positive results were obtained as a rule on 1st, 2nd and 3rd day 
In 100 fteMier infections the bacillus was isolated up to the 4th day in 
13 instances — 

5th day in 11 instances 
6th 
7th 
8th 
12th 
14th 
15th 


3f 

Jt 

33 

33 

33 


33 

33 

33 

33 


7 „ 

4 

3 „ 

1 instance 
1 
1 


33 

33 


In only six cases in this series was B fleiner isolated in the absence of 
mucus, once on the 5th day, four times on the sixth day, and once on 14th day 
after onset of the disease 

The isolations on 12th and 15th day were from cases in which blood and 
mucus had been absent for a few days but had recurred 

In view of the fact that throughout all our examinations we have found 
B flevnei present in normal stools without mucus on such few occasions, -the 
routine examinations of the fasces of flexnei cases once the stools are formed 
appear hardly worth the time and expense If arrangements could be made for 
the patient’s stool to be examined macroscopically on eight consecutive days aftei 
discharge from hospital for the presence of mucus, the results would probably 
be equally good, if not better than bactenological examinations, as regards the 
detection of convalescent earners 

The above comments as regards the importance of speed m despatch of 
speamens to the laboratory, and the sending of specimens early m the disease 
apply equally if not more so to cases of B sJnga infections Our results 
appeared to show that most sJnga infections can be rendered as harmless as 
distil with on correct lines in the very earliest stages of the 
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other observers In two other cases serum taken from cases on the 2nd day of 
the illness agglutinated both the homologous organism and tlie Oxford standard 
culture of B shtga to a titre of 1 — 125 Both had a history of previous attacks 
of dysentery Four of the cases showed ml agglutinins either to homologous 
organisms or to the standard -culture of B shtga in a titre of 1 — ^25 The 
severity of the attack appears to have had no efifect on the formation of agglu- 
tinins Indeed the most severe attack in the series (raised temperature for 
12 days, blood and mucus persisting for 19 days on and off) showed no evidence 
of agglutimn response The patient in addition was suffenng from Tama 
sagmata infection The majority of the cases were extremely mild m nature 
Thiis as has been remarked before was probably due to the fact that patients 
reported sick on the first or 2nd day of the disease and were promptly treated 

SCROLOGICAI, TPSTS ON CaSES PROM WHICH B schmttz WAS ISOLATED 
Complete tests were carried out on 11 cases Four of these cases produced 
agglutinins against the laboratory culture of B schmitz The extent and penod 
of agglutination are shown in the histograms (Chart VIII) 

The homologous organism was in no case agglutinated by the patients' 
serum As the stock culture was agglutinated in four cases this result is prob- 
ably due to inagglutmability of recently isolated cultures It should be noted 
that the organism was agglutinated to a reasonable titre, i e , 1 — ^250 by laboratory 
serum 1 — 500 Presumably the agglutinins in the patient’s serum were not 
sufficiently developed to overcome the inagglutmability of the bacillus 

In view of the fact that B schimts as an agent in the production of dysentery 
has been considered by some observers to be doubtful owing to the non-produc- 
tion of agglutimns m the patient’s serum, the production of agglutinins in these 
few cases appears worth recording 

V SEROLOGICAL OBSERVATIONS ON STRAINS OF B FLEXNBR 

ISOLATED 

During the routine serological exaimnations of B flexner, the inagglutin- 
ability of freshly isolated strains had been marked 

Some after several subcultures became agglutinable, but a considerable 
number still remained after many months entirely magglutinable to a polyvalent 
flexner serum of high titre 

Owing to this inagglutmability it was thought best to collect a fair number 
of strains, and keep them in the hope that as time passed they would betome 
more agglutinable 

In all 117 strains were put on one side for this purpose from cases occur- 
nng in 1925, and in the early montlis of 1926 We attempted to type these in 
August and September 1926 The results have been interesting, but on the 
whole not satisfactory, and for that reason are considered worth recording 

We took the Medical Research Committee Special Report Senes No 42 as 
a guide, and endeavoured to follow out as far as possible the technique which 
Professor Andrews and Dr Inman had found satisfactory In the introduc- 
tion to this report it is stated that from 1916 onwards, ' It was found everywhere 
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In one case we isolated from the same specimen of fseces B flevner and 
B shtga Both were agglutinated by their specific serum, and by the patient s 
serum to a titre of 1—250 B shtga, 1—125 B flc^na Presumably the patient 
was a carrier of one organism, and had received a recent infection of the other 

11 SEROBOGICAB EXAMINATIONS OF PATIENTS SUFFERING 
FROM BACIELARY DYSENTERY (INCLUDING GROUP) 

According to tlie existing Regulations for the Medical Services in India a 
case cannot be diagnosed as bacillary dysentery unless an organism of the 
dysentery group is actually isolated If a bacillary exudate is noted, in the 
absence of the infective organism the official diagnosis is ‘ dysentery group 
(bacillary exudate) ’ If no bacillary exudate is reported, the diagnosis remains 
as dysentery group Our experience has shown that the presence or absence of 
a bacillary exudate and the numbers of positive isolations depend on many 
factors, many of which are outside the control of the laboratory, and that the 
greater percentage of these ‘ group ’ infections are really bacillary in origin 
Therefore as many cases as possible were tested serologically from all types 
‘ Bacillary dysentery,' ' dysentery group ’ (definite exudates or indefinite exudates) 

Serum was obtained from patients on the first or second day of the disease, 
and. on the 8th, 12th, 16th and 23rd day from onset of symptoms 

1 Serum of cases from whom B jlexner was isolated was put up against 
standard Oxford cultures of B flcxner V, W, X, Z, Y , and against the homo- 
logous organism on each occasion, i e , five times over a period of 23 days 

2 Serum of cases from whom no infective organism was isolated was put 
up m a similar manner'against the five flexner stains, and also against a standard 
culture of B shiga both from cases showing definite and indefinite exudates 

3 On the first test every patient’s serum was put up against all the strains 
of B flexner and B slnga 

4 Serum of cases from whom B shiga was isolated was put up against 
B shiga standard culture, and against the homologous organism, at the same 
intervals of time / 

5 Serum of cases from whom B schmiiz was isolated was put up against 
a formahnized 24-hour broth culture of the stock laboratory B schmitz and 
against the homologous organism five times in 23 days 

6 The homologous organism used was always a 24-hour formahnized 
broth (^ture In all cases Dreyer's agglutination technique was used, and the 
Dreyer’s tubes were allowed to remain in the water bath at 55 °C for four 
hours 


StROLOGicAL Tests on C\scs from which B flcuicr was isolated and o 

Dysentery Group Cases 

Throughout the tests 'ml agglutinins present’ indicates that no agglutinir 

were demonstratable in a dilution of serum of 1 ^25 thp » t- ^ i t 

employed throughout 
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agglutinins to B flcAner throughout the test The remainder had agglutinins 
present when first examined, but these either remained at the original titre or 
dropped subsequently 

The severity of the cases appears to have had no connection whatever with 
the formation of agglutinins Many of the mildest cases have given good 
agglutination results, and more protracted cases have failed to produce agglu- 
tinins The following case may be taken as an example 

Pte T 20-1-26 Blood and mucus 4 days— B fle\ner isolated, and agglu- 
tinated 1 — 250 by polyvalent dysentery serum Complete tests Nil agglutinins 
to any strain of B flcxiicv including homologous organism 

4-7-26 Blood and mucus 5 days (sharp attack) B flcMiei isolated and 
agglutinated by polyvalent flexncr serum 1—250 A complete series of tests 
again showed ml agglutimns except that on the 16th day the serum agglutinated 
flexner X to 1 — 50 On the 23id day ml agglutinins were again present The 
organism isolated was put up against all five monovalent flexner sera, and was 
agglutinated to 50 per cent titre by flexiici IV serum, and to 2 5 per cent titre 
by jlexner X serum The patient’s serum did not agglutinate this bacillus 
throughout 

The homologous organism was agglutinated by the patient’s serum in only 
22 instances (40 7 per cent) The histograms show that in these instances the 
patient’s serum became as a rule capable of agglutinating his own bacillus late 
in tlie disease, i e , on 16th to 23rd day , occasionally in low titre as early as the 
12th day The orgamsm in many instances was agglutinated by polyvalent 
laboratory serum, but not by the patient’s serum, and, as will be seen later, many 
were inagglutinable either by the patient’s serum or by laboratory serum 

If 8 hours had been allowed for agglutination to occur before reading the 
results it IS probably m view of our experience later, that a higher titre of 
agglutination might have been found with the patient’s serum, and possibly a 
larger number of the organisms would have been agglutinated 


S^RonoGicAi, Re;sui,ts on bb Cases with iNoirrmTE Exudates (7 B flexner 

isolated) 

11 of the 22 (50 per cent) showed a definite rise m titre in all respects 
similar to those discussed above 

From the 11 cases showing no rise, 2 B flexner were isolated 
Dysentery Group Cases, i e , no organisms isolated 

The serological test on tliese 47 cases demonstrated tliat 57 4 per cent save 
a defimte nse in agglutinins to B flevner ° 

28 1 per cent cases from which B flexncr was actually isolated show ml 
agglutinins to any strain of B flexner It appears therefore to us that as was 

in" ^ -- -e mild IZ 

thJ” agglutinins to B shtga become apparent 

tlie patient’s serum throughout the period of examination (23 days) 


in 
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as nearly as possible equal to that of an Oxford laboratory standard culture 
The titres of fevner V, Wj X and Y serum were tested on similar cultures of 
their homologous organism for each batch of broth made up The dilution of 
seram in which each strain tested showed standard agglutination, was expressed 
as a percentage of tlie titre of the serum to its own homologous bacillus 

Dreyer’s method was used throughout, the tubes being left for four hours 
in the water bath at SS^C, the readings then being taken by artificial light 
against a black background 

The lowest dilution of serjim employed Avas 1 — 25, and the highest 1 — 5,000 
The titre of the monovalent serum used varied a little from tune to time, but 
usually the flexner V serum gave a titre of 1 — 5,000, and flcxner W, X, Z and Y 
1 — 1,000 Occasionally one or other of the latter was higher in titre 

Rnsui,Ts or THE 4 -Hour Readings 

Of the 117 cultures 51 or 43 5 per cent failed to show any evidence of 
agglutination with V, W, X, Z and F serum in 1 — ^25 dilution, and many of 
those, which did agglutinate, did so only in low dilutions Before attempting to 
type according to these results we repeated a large number of the tests but left 
the tubes in the water baths up to 24 hours, readings being taken at 4, 8, 12 and 
24 hours We found that the readings were nearly always appreciably higher 
at 8 than at 4 hours, but in only a few instances was the reading at 12 or 
24 hours higher than the 8-Jiour readings 

Also cultures definitely inagglutinable (ml in 1 — ^25) at four hours, ivere 
often definitely agglutinable by 8 hours to reasonable titre Inhibition zones 
were extremely constant in most strains often up to 1 — 125, and 8 hours in the 
water bath appeared to overcome this to some extent 

As an example the titre of some of the stock flcAiter laboratory serum 
tested at one penod may be given 



4-hours' 

8-hours’ 

12-hour3' 


reading 

reading 

reading. 

Plexner V 

1-2,500 

1—5,000 

1 — 5,000 (Standard+ ) 

Flevner IV 

1—500 

1-1,000 

1—1,000 

^ Plexner X 

1-500 

1—2,500 

1—2,500 

Plevncr Z 

1—500 

1—500 

1—500 

Plcrner Y 

1—500 

1—1,000 

1—1,000 

It will be 

seen tliat there is a marked difference between the 4 and 8-hour 


readings, particularly in flexner X serum 

The increase in titre is shown in histograms, i e , strain A viii, A 11 showed 
no agglutination in four hours but definite agglutination m eight hours Strains 
A IX, A 17, show the great increase in the titre found at the 8-hour reading 
The increase in titre did not appear necessarily to alter tlie grouping of the 
strain, as is seen in histograms for strain A u presumably a flcxner W But 
in, some cases it did apparently affect the typing, i e , strain A ix at the 4~liour 
reading was agglutinated by X serum to 25 per cent titre, and by V serum to only 
1 per cent, whereas at the 8-hour reading it was agglutinated by F serum to 50 
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From the above figures it is evident that flexna V agglutinins are present 
larger percentage, and to a higher titre than the agglutinins o tie ° 
flexuc, strains Plc^nei Y appears to lie the next in frequency, hut as at a late 
staae m these investigations the standard Y culture appeared to have 

become anto-agglutinable, it is felt that the flcxner Y results may not be as 
accurate as in the case of the other strains used Although no actual sedimenta- 
tion, was seen m the control tubes, the emulsions may have been unduly sensitive 
to the achon of tlie serum Plcxncr W was found present in a smaller percent- 
age and in lower titre than ficxnei X, or Z Higher titres were found to be 
present in a larger proportion of Indian troops than amongst British troops 
In ito case was standard agglutination present in a higher dilution than 1 ^250, 

and as high as 1—250 m only a small percentage of cases Sera from all the 
187 cases were also tested against a standard culture of B slugci To our sur- 
prise standard agglutination in a titre of 1 — ^25 or over was only found present 
on three occasions One, a European of many years’ service in India, had been 
complaining foi some time of abdominal discomfort, with occasional passage of 
mucus Unfortunately he refused to have any bacteriological examinations 
carried out The other two cases were Indians Both had suffered from 
frequent attacks of dysentery, and In both cases B shiga was isolated 

In view of these results it would appear worth while to consider the 
question of carrying out serological examinations using Dreyer’s method, and 
Oxford standard cultures, to detect carriers of Bacillus shiga We had expected 
to find large numbers particularly among the Indian troops demonstrating 
ai^lutimns to this bacillus in as low a titre as 1 — 25 The small proportion of 
infections with B shiga among the acute dysentery cases, and the fact that none 
of the ‘ dysentery group cases ’ examined developed agglutinins to this bacillus 
appear also to support the supposition that B slitga infections take only a small 
part in the normal incidence of dysentery in Poona 

IV SEROEOGICAL OBSERVATIONS ON CASES OF B SHIGA 

INFECTIONS 

A complete senes of tests were carried out on 12 cases only That further 
tests were not made is due to the fact that infections with this bacillus are 
uncommon (22 from January 1st to September 30th) and that some of these 

inflections occurred among women and children from whom no serum was 
obtained 

demonstrated the presence of agglutinins to B shiga by the 
Inm,^ 1 e ' 66 6 per cent These patients’ serum also agglutinated the homo- 
ogus orgamsm on either the 12th or 16th day With the exception of tivo cases 

Erom“Tto'lEro' 

,7'’' “ses demonstrating the presence of agglutinins was 

smaler than we eitpected But the number of observations is smsfl E7 r 
urtlier cases had been available the percentage showing the formation of atr I ' 
tin, ns would probably have been higher, asEs been^tad tHeThe casf by' 

Jf M5 ^ 

6 
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Table VI 


Comparison of agglutums m patients’ serum and percentage of titre of agglu- 
tination of the organisms isolated from these cases against flexner V, W, 
X, Z and Y 



Agglutinins m Patients’ 

serum 



Porcontago of agglutination of 
the organism isolated uath 
soraof F, TF, J,Z,T 

I Flexner fF siraxn — 

1 Jit Singh 23rd day 

Flexiicr V 

1—260 

Por cent 

1 m Flexner V sonim 



*y 

If 

1—125 

100 

yy yy 

If » 



f9 

z 

1—126 

25 

yy yy 

X „ 



fy 

z 

1—50 

125 

yy yy 

Z „ 




T 

1—260 

25 

yy yy 

7 


Homologous bacillus 



1—250 




2 

Abdulla Bag 10th day 

»» 

V 

1—60 

25 

yy yy 

V „ 



>t 

JV 

Nil 

100 

yy yy 

If „ 



yt 

X 

1—26 

5 

yy yy 

X .. 



ty 

z 

Nn 

12 6 

yy yy 

z „ 



yy 

r 

1—50 

25 

yy yy 

7 „ 

3 

Walters 16th day 

yy 

V 

1—250 

10 

yy yy 

V 

. 


yy 

If 

1—60 

100 

yy yy 

If » 



tt 

X 

1—26 

37 6 

yy 

X „ 



yy 

z 

1—26 j 

Nil 


2 » 



yy 

Y Control ? 

25 

yy yy 

7 „ 


Homologous bacillus 



1—60 




4 

Ticharam Otb day 

yy 

F 

1—50 

1 

yy yy 

f „ 



yy 

If 

1—125 

60 

» yy 

w „ 



yy 

X 

1—50 

25 

yt *y 

X „ 



yy 

z 

1—126 

Nil 

M yy 

z 



yy 

T 

1—260 

6 

yy yy 

7 „ 


Homologous bacillus 

yy 


1—125 




5 

Lall Khan 23rd day 

yy 

V 

Nn 

10 

yy yy 

V „ 



yy 

If 

1—126 

100 

yy yy 

If „ 



yy 

X 

1—125 

6 

yy yy 

X „ 




z 


6 

If »» 

Z $9 



yy 

T 

? ? 

25 

i> yy 

7 » 


Homologous baoilluB ♦ 

yy 


1—250 
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Taei,^ VI — concld 


Agglutinins m Patients’ 

Scrum 



Porcontage of agglutmatiou 
of the organism isolated 
TTith sera in F, IF, Z, 7 





Per cent 



Fiexner Y etrain — 




Nil 

in Fiexner 

V serum 

1 Mitchell 23rd day 

Fiexner V 

1—260 

6 

99 

■99 

w „ 

\ 

t »i 

W 

1—26 

26 

99 

99 

X „ 


»> 

X 

1—126 

12 6 

99 

99 

z .. 


19 

z 

1—60 

60 

99 

99 

7 

Homologous bacillus 

99 

Y 

1—126 





2 Yates 23rd day 

99 

V 

1—260 

76 

99 

99 

V „ 


99 

W 

1—26 

37 6 

99 

99 

w „ 


99 

X 

1—60 

100 

99 

99 

X „ 


99 

Z 

1—126 

: 60 

99 

99 

z „ 


99 

7 

1—260 

200 

99 

99 

7 „ 

Homologous bacillus 









agglutinins were greatly predominating, the percentage of agglutination titre to 
the V serum was umformly low in almost all the strain tests 

Ivookmg up the records of agglutination tests on patients dunng and after 
the dysenteric attack, it was found possible m a few cases to compare the 
patients’ agglutinins, with the percentage titre of agglutination of tlie homologous 
organism against the five standard sera 

Table VI — Gives the details in five cases from which apparently fiexner W 
was isolated, 2 cases of fiexner X infections, 3 cases of fiexner Z infections, and 
2 cases of fiexner Y infections 

If the typing of strains by the above method is correct the agglutinins pro- 
duced in the patients’ serum correspond in very few cases with the strain of the 
infecting orgamsm, and aS will be seen V agglutinins appeared to predominate 
in the patients’ serum in nCarly every case irrespective of the strain of the infec- 
tive baallus 

The aggliiHnogenesis of strains were tested in 2 cases picked out at 
random — j 

(1) In one of th^e, Ram Rattan, we had records of the test on the 
patient’s senim From the Chart XI it will be seen that tins 
strain by the agglutination method would have been classified as 
a probable fiexnet Z {Z 50 per cent, X 20 per cent, V and Y 
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that organisms assignable by ciilturable and chemical characteristics to the 
flexncr group failed to respond to the final test by agglutination 

Strains were therefore collected by these workers from different parts of 
the world, and were ultimately assigned to five mam strains, and two sub- 
strains, 1 e , V, Z, and W, X 

The majority of the known flexner strains were included in these groups, 
and by the use of specific monovalent serum, it was considered that nearly all 
the flexner groups could be Assigned to their proper strain 

The methods oised in grouping were — 

(a) Agglutination tests 
(&) Agglutinogenesis 
(c) Absorption tests 

The agglutination tests were earned out first, and the results were confirmed 
agglutinogenesis experiments with the various strains and finally by the absorp- 
tion test 

The results of the agglutination test were demonstrated by plotting out rhe 
effect of each serum upon the baallus under investigation, expressing the result 
as a percentage of the full titre of the serum with its homologous bacillus It 
was then possible to show ‘ at a glance ’ the strain to which the bacillus belonged 
It was also found by Professor Andrews and Dr Inman that ‘ flexner baallus 
with some exceptions agglutinates with fair readiness, flocculation being nearly 
complete in 4 to 6 hours at 55 °C In certain flexner strains a delay m agglutination 
was occasionally noted, but on the whole the difference between the early and 
late agglutinating species is so striking that it may be regarded as of special 
sigmficance’ The readings throughout their tests were accordingly taken after 
4 hours in a water bath at 55 °C 

The agglutination method of typing strains was obviously that most suited 
to workers such as ourselves in a district laboratory, m which routine work is 
heavy, and takes up most of the available time It would be impossible to carry 
out either agglutinogenesis or absorption tests on the large numbers of flexner 
bacilli isolated Our attention was accordingly directed mainly to the agglutin- 
ation method, which appeared simple and applicable to any distnct laboratory , 

The 117 strains tested by us were morphologically and biochemically 
B flexner All were isolated from dysentery cases, and as a nile on 2nd, 3rd 
day of disease All were gram-negative non-motile bacilli, fermenting glucose 
and mannite without the production of g^as, and not fermenting lactose up to 
three weeks in the incubator Some strains produced indol Others did not 
In addition all were tested by Michaelis acid agglutination test and none gave 
any evidence of flocculation at the end of two hours Some late lactose fer- 
menting strains not included in this series, did give course flocculation by this 


METHOD iSMPEaVED 


Formate ( I per cent) was added to a 24-hour broth culture (Lab Lemco' 

‘a uteres were left m 

chest overnight, and next mommg were dilated with normal saline to an opacitj 



Chart XI 


l 

g 


Titr 


00 

■5 

00 

O' 






I 


eru^ sed 
-Fiexhe v 
w 
X 


0 0 
00 

0 

00 


ur 


A luti o ensis lor nis 

tt 


1 


o ru - ^ ' 

V B a Katta 



Ziz 


2 

2 


j 

z 


P t le S 




F X 

F 

F 

OM E 



U 


rdl ^ 


triSfea a 


itr 


eru s dj 
. lex ^ ^ 

? *» 9 

7 1 1 y 


0 

0 

!(, 

25 

0 

M 


j 

z 


j 

z 


Y 


i Z- z 



gg 


no ens^s 
iri 


g 


um 2500 
iridhar ] 


'0 

2 

2 _, ■ =! 

^ E 'z z 

Z 

h s 


7 



635 


J. A. Manifold and A J DeMonte. 

per cent titre and by X only to 10 per cent (titre of X serum 1—500 at four hours, 
an,d 1—2,500 m eight hours) 

It appears to us, therefore, that it is safer to take readings at 8 hours in 
tlie water bath, when endeavounng to place fleAiier baalh in their various cate- 
gones by the agglutination method, and also when testing by polyvalent or mono- 
valent serum to prove their identity as B fleAiier Very many bacteriologists 
prefer to take tlieir agglutination readings with B fleAtief at 24 hours for 
similar reasons, but owing to tlie results given in Medical Research Report 
Senes No 42 teachmg, we understand, has in late years indined to be that 4-hour 
readings are sufficient Such is not our experience 

As a result of the above findings we decided to start again, and once more 
all the 117 strains were put up against all five monovalent fleAuer serum, and 
tlie readmgs were taken after 8 hours in the water bath 


Resui^ts op thp 8-Hour Readings on 117 Strains 
1 33 (28 2 per cent) strains were still inagglutinable (1—25), i e , 15 3 per 

cent less than that at the 4-hour reading 


2 Of the 84 which showed agglutination — 

(o) 60 strains (51 2 per cent) appeared to have one sufficiently pre- 

dominant antigen demonstrated to enable tliem to be placed in 
a defimte category 

(fc) 24 strains (20 5 per cent) although agglutinating, showed only a 
small percentage of titre of agglutination, with the various sera, 
or else agglutinated to such a high ttre and to similar percentages'" 
witli several sera, that an absorption test would obviously have 
been necessary to settle the question of their identity 


The 60 strains fell into the following groups — 


21 (35 per cent) 

11 (18 3 per cent) 
10 (16 6 per cent) 
9 (15 per cent) 

7 (11 6 per cent) 
2 (3 3 per cent) 


= Flexner W 
= Flexner Y 
~ Flexner Z 
~ Flexner X 
= FleAner V 
= Flexner V, Z 


FleAner W being the predominant strain, and fleAner V the least frequent 
As flexner V agglutinins predominated m the tests on tlie serum of patients 
suffering from dysentery, and also m the sera of normal individuals, the above 
results, if correct, were distinctly unexpected The above test relies on the 
agglutinating^ power of the serum to overcome the magglutmabihty of the 
organism tested to the same extent with all the sera used, i e , the serum of tlie 
same strain as the baallus tested should agglutinate it to the highest percentage 
and the remaining sera should agglutinate it in diminishing proportions The 
^glutmability of B flexne, strains has appeared to us to be such an erratic 
factor tat we feel mcertam that th,s .s the case th reahty, except possibly with 
stock laboratory otilhires, Except in the 7 strata noted ,n which fleJm V 
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cultures It was put up against 29 other strains (14 inagglutinable and 15 in- 
definite), and agglutinated 6 of these heavily m six hours, four further strains 
m 12 hours, and the majority of the remainder showed faint granulation in 1 — 25 
or 1 — SO at 24 hours This granulation did not appear to us to resemble true 
agglutination but was more m the nature of a fine precipitation, and this appear- 
ance seems to us an argument against taking readings at such a late stage As 
one of the writers was transferred from the laboratory, almost directly after 
these tests were done, further work on this bacillus had to stop for the time 
But It appears that we are dealing here with a strain of B flexner which bears 
little or no relationship to the five standard strains One of the assistant surgeons 
attending a course in the laboratory has been found to have agglutinins present 
to this strain m a titre of 1 — 125 

Probably among these definitely inagglutinable bacilli there are others not 
included among the recognised strains 

Although incomplete we think these results worth recording, as several 
D A D Ps , not only in India but in other parts of the world, have been 
finding that polyvalent flexner serum or monovalent flexner sera made from the 
five standard strains of B flexner, have not yet solved the problem of the 
inagglutinabihty of the fiexner strains 

In time organisms undoubtedly become more agglutmable In fact an 
Oxford laboratory standard flexner Y culture had become auto-agglutinable We 
have kept strains now well over a year and still some remain inagglutinable 
The final serological proof of the identity of a bacillus as B flexner must there- 
fore from a practical laboratory point of view be absent m many instances One 
cannot wait two or three years before giving a final diagnosis The bactenologist 
must therefore still depend mainly on tlie morphology, cultural and biochemical 
characters of these organisms for lus diagnosis apart from serological proof 
We personally consider that these are sufficient from a practical point of view 

Fmal serological proof can only be earned out on all strains when some 
method of reducing the inagglutinabihty is found We endeavoured to do this 
by growing strains in broth to which various percentages of glucose had been 
added, but in every case the resulting cultures were defimtely auto-agglutinable 

It IS regretted that the serological investigations had suddenly to cease owing 
to the unexpected transfer of the writer to duties outside a laboratory It was 
intended to make sera from all the apparently flexner W strains, and carry out 
agglutinogenesis and absorption tests m every case, our feeling being that many 
of these strains might prove to be other strains of B flexner than flexner W 
We had hoped to examine carefully the group of inagglutinable cultures, which 
were agglutmable with serum of strain Finch, and if possible to investigate 
similarly the other inagglutinable cultures The relationship of the few lactose 
fermenting bacilli, which agglutinated ivith flexner serum, to B sonne on the one 
hand and B flexner on the other, would also have been investigated The enor- 
mous number of flexner strains available in the military laboratories in India 
supply a large field for study, and it is hoped that other Deputy Assistant Directors 
of Pathology will complete this work in the near future 
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Tabi^e VI — contd 




Agglutinins m Patients’ Scrum 


Poroentago of agglutination 
of the organism isolated 
with sera oiVfW,XfZ, T 


Fleamer X strain — 

1 Fateh llohd 16th day 


2 Oakley 16th day 


Flexner V Nil 

„ W 1—125 


Z Nil 


V 1— S7 6 
T7 1—37 6 


Z Nil 


Per cent 

10 m Flexner V strain 


Flexner Z strain — 


Pam Pattan 23rd day 


Flexner F* 1 — 26 
„ TF Nil 
„ X 1—26 


1 in Flexner V senmu 


Bomologous bacillus 
' 2 Supati Manu 16th day 


1—126 


1—126 


TF Nil 
X Nil 
Z Nil 


Homologous bacillus % 
3 MardanShah 23rd day 


Homologous bacillus 


V 1—260 
TF 1—26 
X 1—26 
Z 1—26 

y 1—126 

1—125 


rt ff X 
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Our first line of investigation then was to obtain a standard based on a study 
of the local population Witli this end in view we examined the cholesterol con- 
tent of the whole blood in one hundred normal cases 

The results of this investigation are given in Table I 


TabIv^ I 

Cholesterol in Whole Blood {Normal) 


Case No 

Initials 

Cholesterol content 
per cent 

Remaeks 

\ 

1 

S G 

0 17 

Hindu male, age 62 

2 

8 B 

0 14 

Ditto, age 14 

3 

M 

0 13 

Ditto, age 12 

4 

J N S 

0 114 

Ditto, age 24 

6 

P C 

0 138 

Ditto 

6 

Y H 

0 11 

Md male, age 25 

7 

B M 

0 100 

Hindu male, ago 25. 

8 

M L 

1 

0 084 

Ditto 

9 

D 

0 123 

Ditto 

10 

Sk M B 

0 116 

Md male 

11 

K M 

0 133 

1 

Hindu male 

1 

12 

G C D 

1 

0 114 

Ditto 

13 

K Sk 

0 184 

Md male 

U 

M I 

0 167 

Ditto 

15 

T C 

0 092 

Hindu male 

16 

Sk T 

0 09 

Md male 

17 

E H 

1 0104 

Ditto 

18 

S D 

1 0 114 

Hindu male 

19 

0 D 

1 0 092 

Ditto 

20 

H K C 

0 126 

Ditto 

21 

G K 

0 092 

Ditto 

22 

B 

0 12 

Ditto 

23 

S M 

0 123 

Ditto 

24 

D S 

0 106 

Ditto 

26 

B 

010 

Ditto 

26 

S M 

0 096 

Ditto 
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1 per cent) whereas the rabbit serum prepared from this bacillus 
agglutinates flcAitci V to full titre, and flexitfif Z hardly at all 
The organism m question being undoubtedly a pxner V The 
agglutinins produced in the patient’s serum agree with the latter 
finding 

(2) Strain Gmdhar Lai demonstrates well the magglutinabihty of some 
of the cultures (this strain was isolated early in 1925) From the 
agglutination test it could not be placed in any strain owing to 
the low percentage of agglutination (FI per cent, W 2 5 per 
cent, F 5 per cent) apparently the organism is a flexner Y 
This strain was inagglutinable m four hours 

In at least one instance therefore, in which the agglutination method was 
checked by the agglutinogenesis the former appears to have given an incorrect 
reading. A 50 per cent titre is possibly not much to go upon, but the homologous 
serum in this case only agglutinated the bacillus to 1 per cent titre, whereas a 
heterologous serum (Z) agglutinated it to 50 per cent titre 


InaggIvUTinabl^ Cultures 


Four strains were picked at random from amongst tlie 33 absolutely inagglu- 
tinable bacilli in order to test the agglutinogenesis of these organisms 

In Research Report Series L’o 42 Professor Andrews and Dr Inman state 
that a single dose of i — 1 cc formahmzed broth culture given intravenously 
commonly 3 aelds a serum of titre 1 — 1,000 m a week, and that a repetition of the 
above suffices to raise the titre to 1 — 3,000 or more 


This ailsjo m the past had been our experience while working with stock 
laboratory cultures of B fleAiwr, except that and 1 c c doses were given 
at four-day intervals No difficulty had been obtained m produang a serum of 
high titre 


Our expenence with these inagglutinable strains, however, has been entirely 
different, and in only two of the four cases could a serum of reasonable litre 
be obtained, and then after considerable trouble One strain produced an agglu- 
tinating serum with comparative ease, and turned out to be a flexner Z 

With the other strains live cultures, in doses of -J and 1 cc were eventually 
employed, after numerous doses of dead cultures had been given, with the result 
that several rabbits were killed A serum of high titre was eventually obtamed 
with only one of Ihese strains (strain Finch) With the other 2 strains with a 
serum with titre higher than 1—250 could not be obtained, and as a result they 
were useless for our purpose 


Apparently inagglutinability and weak agglutinogenesis correspond in many 
instances among the flexner strains Strain Finch had been isolated in the early 
mondis of 1925, and had remained entirely inagglutinable to flexner V W X Z 
J seram unhl September 1926, when a trace of agglutmation was Ldent 

^ 1-5.000) prepared from this 

strata dtd not agglutinate either V, W, X, Z o, Y Oxford laboratooi standard 
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Tabi.e I — (contd ) 


Case No 

68 

59 

60 
61 
62 

63 

64 
66 
66 

67 

68 

69 

70 

71 

72 

73 

74 
76 

76 

77 

78 

79 

80 
81 
82 
S3 

84 

85 

86 

87 

88 


Initiab 

A S 
N J 
G N 
S A. M, 
J S. 

M 

N. D 
B 

S Gb N 
G K A. 
P 
K 

M. I 
M. R 
J 
B 

S K D 
M K K 
U 

U K 
T 

S D 
R K S 
R D 
R N 
N U 0 
M 
R ’■ 

M 

S S B 
K 


Oholeatorol couteut 
per cont 

0114 
012 
0126 
0109 
0114 
0133 
012 
0123 
0 114 
0 096 
0 082 
0114 
0 10 
0 12 
0 096 
0 114 - 

0184 

011 
0145 
0106 
0 166 
0 16 
0 109 

012 
0114 
0109 
0109 - 
0 109 

on 

017 

0104 


I Remabks 

Md 
Ditto 
Hindu 
Md male 

• • • 

• • • 

Hindu male 
Ditto — 

Ditto 

Ditto 

Ditto 

Ditto 

Md 

Ditto 

Hindu 

Ditto 

Mci 

m 

Ditto 

Hindu 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 
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Summary op Results 

1 Of 117 strains 71 7 per cent only are agglutinable by flexner V, W, X, 

Z and y serum after many months’ subculturmg 

2 Four hours in the water batli at 55 °C are insufficient to overcome inhi- 

bition zones, and magglutmabihty . Eight-hour readings have 
given higher titres of agglutination, and reduced the number of 
inagglutinable cultures by 15 3 per cent 
3. Only 51 per cent of the agglutinable cultures examined could be assigned 
to definite strains by the agglutination method given m Medical 
Research Senes Special Report No 42 
The results did not correspond with those found in the serological 
examinations of the patients’ serum, and in one case at least were 
proved to be incorrect on ascertaining the agglutinogenesis of the 
infective strain 

4 Agglutinogenesis experiments and absorption tests are probably required 

for a definite typing of most strains of B flexner except old 
laboratory cultures 

5 Inagglutinabihty and lack of agglutinogenetic power appear to be closely 

related 

6 Evidence of at least one strain with apparently no antigenic relationship 

to B flexner V, JV , X, Z and F, has been found, and there are 
probably many others 
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Tablh II — (concluded) 


Casf) No 

Number of days 
under treaimenfc 

Cholesterol content 
per cent 

13 

5 days ! 

0 12 

14 

6 days I 

0 109 

16 

1 4 days 

0 109 

16 

i 

1 4 days 

0 090 

17 

1 

9 days 

0109 

18 

9 days 

0 104 

19 

14 days 

f 0 096 

20 

14 days 

i 

1 0f09 


Method of analysis employed 

The method employed for the estimation of the cholesterol content of whole 
blood was tliat described by Myers and Wardell One cc of oxalated whole 
blood was accurately measured by means of a pipette and allowed to flow drop 
by drop over four to five grams of plaster of Pans, contained in a porcelain 
dish After fifteen to twenty minutes the blood was intimately incorporated 
with the plaster of Pans by the aid of a small glass rod We noticed that if 
stirnng was started immediately after the addition of the blood, it was difficult 
to free the end of the glass rod from adhering blood This difficulty we found 
could be obviated by allowing the plaster to soak up the blood for the time stated 
before commencing to stir 

After tliorough incorporation of tlie mixture it was transferred m the por- 
celain disli to the hot air oven (Temperature 100° C ) for about two hours, the 
dish being removed from time to time and the coarser particles broken up 
Finally the dish was removed from the hot air oven and the contents thoroughly 
powdered and then transferred into a filter paper extraction cell 

The extraction cell was placed in an all glass Soxhlet apparatus and extracted 
with chloroform for two hours When the volume of the chloroform extract 
m the flask was about 10 to 15 cc it was removed from the water batli, 
cooled, and filtered through a small filter paper into a 25 c c stoppered 
cylinder The flask was subsequently washed twice with small amounts of 
chloroform which were passed through the filter paper and added to the 
main filtrate Finally the filter paper was washed with chloroform poured 
over it drop by drop until the volume of the filtrate reached 20 cc The com- 
bined filtrates were then well mixed and 5 c c pipetted into a clean dry test 
tube marked C Into another clean dry test tube marked S 5 c c of a 
standard cliolesterol solution (containing 0 4 mg cholesterol) were pipetted 
To each of tlie test tubes s*eparately were then added 2 c c of acehc anhydride 
and 0 1 cc pure concentrated sulphunc aad and the contents well mixed 
The tubes so treated were placed in a beaker containing water and kept in a 
dark place for ten minutes to allow the colour to develop Colour matching 
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“veshgahon of the cholesterol content of the Hood both in the norm: 
* S™'" ■mPO'-l'-.nee every day, part, 

cholestmt “rcbor""^ "■= 0 

ns pv™^n^'frCent'’ln‘‘““'^"^'’'' '•■"■8= doses sucl 
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(2) Advanced skin cases Results shown in Table IV Average content 
0 08 per cent with a maximum of 0 109 and a minimum figure of 0 07 


Tabi,E IV 


Advanced Skm Cases 


Ca8e No 

Imtiftla 


Cholesterol content 
per cent 

1 

P 

1 

0 07 

2 

' K K 

B, 

0 08 

3 

M 

B. 

0 07 

4 

N 

B. 

0 070 

6 

S K 0 

^ 1 

0 07 

6 

K Ch D 

B. 

0 08 

7 

K B 

B, 

0 10 

8 

U Ch C 

B, 

. 0 07 

9 

K 

B. 

0 086 

10 i 

N 

B. 

0 086 

11 

C B 

B. 

0 080 

12 

E L 

B. 

0 08 

13 

N 1 

B. 

0 076 

1 

R G 

B, 

0 084 

16 1 

N D 

B, 

0 10 

16 

A L 


0 086 

17 

L B 


0 07 

18 

A E D 


0 109 

19 

D 

B. 

0 07 


(3) After treatment cases Results shown in Table V Average figure 
0 096 per cent with a maxiimim and minimum figure of 0 109 and 0 08 


Tabpb V 

After Treaiinent Cases 


1 

Case No 

1 Imtiftls 

Mark 

Cholesterol content 
per cent 

1 

S K 

A T cttso under treatment since 
26th May, 1920 

0 109 

0 

E M 

1 

B, Treated since 2nd November, : 
1926 Wasaennann positive 

0 090 

3 


Treated since August 1920 

0 088 

4 

L 

Long under treatment 

0109 

6 

B 

B, 

0 099 

0 

L i 

" B, 

010 

7 

K M G 


i 010 

8 

A K M" 


0 09 

9 

NOS 


0 092 

10 

J N P 


0 08 


N 
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• 

Cose No 

InitinD 

(JholoHttiol ton tent 
per rent 

27 

P K R 

0 100 

28 

13 

0 109 

29 

D 

0 101 

30 

B 

0 100 

31 

L 

0 10 

e 32 

u 

0 12 

33 

S K 

0 lot) 

34 

P 

0 120 

35 

J D 

0 oso 

30 

R 

0 1 J 

37 

A 

0 10 

38 

B 

0 10 

, 39 

, jr B 

0 100 

40 

Sk I 

0 00s 

41 

N P 

0 lot 

42 

B 

0 OOG 

43 

S M 

0 109 

44 

G R 

0 100 

46 

S A 

0 lit 

40 

M I 

0 09 

47 

K H 

0 120 

48 

c 

♦ 


0 104 

49 

D K 

0 114 

60 

S Gh K 

0 13G 

61 

S K 11 

0 11 

62 

E A 

0 10 

63 

T S 

0 120 

64 

G K C 

0 13S 

66 

E U 

0 109 

60 

S L 

0 109 

67 

J 

0 107 


Kl MAItKS 


Jliiuhl ninlo 
Ditto 
Ditto 
Ditto 
Ditto 

Ditto, ngo IS 
'^^(I limit', ngc no 
Ifiiirlu male, ago 30 
Ditto, ago 22 
Ditto 

Ditto, ngc 1^5 
Ditto, ago 30 
Md male 
Ditto 

Ilmt*!! male 
Ditto 
Ditto 
I^ftl male 
Ditto 
Ditto 
Ditto 

Ilinilii male 
Dit^to 
Ditto 
Ditto 
male 

Hindu male 
Ditto 
male 

4 

Hindu ' 

Ditto 
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It may be of interest to note here that during tins routine research on the 
normal we examined many cases undergoing anti-rabic treatment thanks to the 
kindness of Dr Fox, the Director of the Pasteur Institute, Calcutta These 
results are shown in Table II 


Tablh II 


Cases under AnU-rabte Ticatmenl 


Cose No 


Number of days 
under treatment 


Ciiok^^ttrol content 
r cent 
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seldom much longer tlian its stem, sixth vein ending further from the base of 
the wmg than the base of the second vein 

The scaling of the head and scutellum, the length and form of the male 
palpi, and the ornamentation of the body and legs, are extremely diverse, and 
these characters do not form a sure guide as to whether a given species may 
belong to Aedes or not 

As in the Anophehni the grouping of species into subgenera is based mainly 
on the structure of the hypopygium of the male, and a knowledge of tlie 
morphology of the genitalia is now essential to the student of the Culicidae 

Of the groups now treated as subgenera of Aedes the following have been 
dealt with m previous parts of this Revision — Stegomyia (Barraud 1923 (1), 
1923 (3), 1927), Christ opher<;ioinyia (Barraud 1923 (1) ), and Ptnlaya (Barraud 
1923 (2), 1923 ( 3), 1923 (4), 1924 (1), 1924 (2), 1924 ( 3), 1924 (4), 1927) 
The reader is referred to these papers for the characters distinguishing each 
group \ 

The Indian species belonging to the subgenera Aedim-orpliiis, Ochlerotafus, 
and Banksinella, are described m this paper, and those belonging to the sub- 
genera Skusea and Aedes (sens stric ) will be described m the next part 

Aedes {Stegomyia') vaiiegatus (Dol ) has now to be ai^ed to the Indian 
list as specimens were obtained m the Andaman Islands in 1926 Some notes 
on the species are given below 

Aedes (Stegomyia) vanegatus (Dol ) 

Ciilex vanegatus, DoleschaU, 1858, 'Act Ti]d Ned Ind , Vol XVII, p 77 
Culex scutellaris, Walker, 1859, Proc Lmn Soc London, Vol III, p 77 
Culex zonatipes. Walker, 1861, Proc Linn Soc London, Vol V, p 229 
Stegomyia pseudoscutellaris, Theobald, 1910, The Entomologist, Vol XLIII, 
p 156 

This species resembles the common Aedes {Stegomyia) albopictus (Skuse), 
but differs in the following particulars amongst others — there is a patch of flat 
silvery white scales over the root of the wmg which is not present in A albopictus, 
there are two lines of similar scales across the pleurae instead of a number of 
irregular patches, the dorsal white abdominal markings are removed from the 
base of each segment and curve towards the middle of each tergite, sometimes 
forrmng complete bands, the scutellum bears flat snowy-white scales on all the 
lobes, but there are a few black scales at the apex of the mid lobe The speci- 
mens from the Andaman Islands appear to be intermediate in some respects 
between the type form and three of the varieties described by Edwards from 
various Islands in the Paafic, but are distinct from var andrezvsi Edw , from 
Chnstmas Island, south of Java, which is the only other locality within the 
Oriental Region where this mosquito has been found previously The following 
characters are present in the specimens from the Andamans — white dorsal bands 
on the abdomen complete or only very slightly interrupted in the middle, third 
and following sternites with black apical bands, hind femur with a large white 
spot at the tip, basal white ring on the fourth hind tarsal segment occupy ng 
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was earned out in a ICobci Klctl colonmelcr the slatulaul being set at 15 lum 

Standard ebolestcrol solution , in \ 

Tins >vas prcpa.cd l.y .lissolvins 0 160 gram o( |n.rc clmlcstmol (Kal, iMum) 

m 100 cc of pure icdistillccl chloroform See of tins solution dilnUcI to 100 c c 
with pure chloroform was used as our worKing slniid.ird 
See =04 mg cholesterol 

From the figures obtained from our c\aminalion of normals we found 
that we should have to consider a somewhat lower standard than that accepted 
for American and European populations, as our avtrage worked out at 0 116 
per 100 cc of wdiolc blood w-ith a ma\imum of 0 IFll and a minimum figure of 
0 082 

Having established then a figure for the population under review w'C pro- 
ceeded to examine the cholesterol content of the whole blood taken from eases 
of leprosy using exactly the same technique but dividing the eases into three 
categories We ow-e our thanks to Dr Muir of the Calcutta School of Tropical 
Medicine for supplying us wnth the ncccssar}- specimens of leprosy blood 

(1) Early eases The results of this nnestigalion arc shown m Table III 
Average content — 0 099 per cent wuth a maximum and minimum range of 
0 13 and 0 08 

TABin III 
Early Ca<;es 


Case No j 

Initials 

Mark j 

Cliolo‘itorol content 
jicr cent 

1 

H R 


0 000 

2 

G H 

At 

0 000 

3 

r R 

At 

0 10 

4 

D 

At 

0 104 

5 

B 

At 

0 08 

0 

B B 

1 '' 

1 

! 0 101 

7 

, B M 1 

A 1 

^t 

1 0 0!) 

B 

B 

At 

1 

1 0 00 

9 


V 

f. 104 

10 

D 

At 

0 OSS 

n 

K M 

' 

0 087 

12 

K D 

At 

0 lot 

13 

R S 

At 

0 It 

14 

S 

At 

0 IJ 

15 

R P 

At 


J he jratiftiB nn 

t « • • 

0 lino 


.lie worn mark 
“1 Jiarly jierpp case 

n HI 

Uj More advanced sliin case- 
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(e) pallidostnatus group A palhdostnatus, A viedtokneatus, and 
A ntg) ostnatus general colouration yellowish or golden, in the first two there 
IS a pair of submedian pale lines on the mesonotum, and in the last there are 
black stripes in this position The legs of A palhdostnatus are marked with 
longitudinal pale stnpes 

(f) The remaining three species, ^ littoralts,A cuhctnus, and A winmiatits, 
are somewhat aberrant forms In all tliree the legs are brown and unornamented 
In A' httoralis the general colouration is yellowish and there are violet-black 
scales on the dorsum of the abdomen A cultcintis resembles Cndex fattgans in 
general appearance but may be distinguished by the shape of the terminal segijients 
of the abdomen in the female, and by the form of the palpi in the male 
A iiuimnatus resembles Aedes (Ftnioya) mveus in the presence of a round 
patch of white scales on the front of the mesonotum, the palpi of the male are 
only one-half the length of the proboscis , the tip of the abdomen of the female 
is less pointed than m the other species of the subgenus, the eighth segment not 
completely retracted and the cerci comparatively short It is interesting to note 
that, as far as is known, this species is the only one of the subgenus which breeds 
in tree-holes and it is possible that the differences in structure may be correlated 
with this habit 

The subgenus Ochlerotatns is represented by only a few species m India and 
these appear to be confined to the extreme north-west and represent intrusions 
from the Palearctic Region Two species are described in this paper whose 
range of distribution extends into India proper, but there are other species 
occurring in Baltistan which have not been fully investigated at present In 
1923 Colonel L G Browse, i m s , very kindly made a small collection for me 
m this region at elevations from 7,300 to 14,000 feet above sea-level This 
collection includes three or four species of Ochlo otahis, one of which is A (0 ) 
caspitis, described in this paper, and one of the others appears to be ^ (0 ) 
catapliylla Dyar Unfortunately, the collection included no males and some of 
the specimens are riot in good condition so that at present I have not been able 
to identify them with certainty, and have been waiting for an opportunity to 
obtain more material 

The adults of the subgenera Aednnorphus and Ochlerotatns are so snmlar 
in general appearance that I have included the species of both in one synoptic 
table There are however, distinct differences in the structure of the male 
genitalia by which the representatives of the two subgenera may be distinguished 
These differences may be bnefly stated as follows — Aedmwrphns clasper 
usually highly specialised and of different form in each species anal surface of 
side-piece with a basal lobe bearing hairs or processes, dorsal border of side-piece 
without a lobe at the base, phallosome divided into lateral plates bearing small 
teetli (Plate LVI, fig 1. Plate UVII, figs 7 to 10, Plate LVIII, figs 17 to 27, 
Plate LIX, figs 33 and 34) Ochlerotatns clasper long and simple ivith a 
terminal appendage, a well-developed harpago arising from the harpaginal fold, 
dorsal border of the side-piece with a lobe at the base (Plate LVI, fig 2) , phal- 
losome smooth and scoop-shaped without lateral plates or teeth 
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SUMMAKY AND 'CONCLUSIONS 

(1) That the cholesterol content of the whole blood taken from the popula 
tion in and around Calcutta must be considered as slightly lower than the usually 
accepted European and American figure 

(2) That the cholesterol content of the blood of lepers is reduced in the 
early stages of the disease 

(3) That in advanced skin cases the content is much more reduced 

(4) That in advanced treated cases the blood cholesterol content does not 
» return to normal 

(5) That anti-rabic treatment has no effect on the cholesterol content of 
whole blood 

The expense of this work has been defrayed from a grant received from the 
Indian Research Fund Association 

/ REFERENCE 

Mtebs and Wabdell (1918) Jour Riol Chcm , Vol XXXVI, p 147 
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13 Pale scales on anterior surface of mid femur evenly 

spnnkled, basal lobe of male gemtaha with 
numerous hairs 

Pale scales on anterior surface of mid femur arranged 
m definite spots forming two longitudinal Imes, 
basal lobe of male genitalia with one long hair and 
four long leaf-like processes 

14 Some of the scutellar scales broad and white 
All the scutellar scales narrow and yellow 

15 A large patch of white scales on the front of the 

raesonotum 

No patch of white scales on the mesonqtum 

16 Dorsum of abdomen marked with violet-black apical 

bands (male), or almost entirely covered with 
violet-black scales ( female) 

Dorsum of abdomen dark brown with well-marked 
basal creamy bands 

Dorsum of abdomen with the base and sides of each 
segment ochreous with a triangular dark area in 
the middle (male), or with an ochreous median 
stripe bordered on each side with dark brown 
(female) 


vevans (North India, Assam, 
and Burma) 


fishen sp n (Bombay 
Deccan and Coorg) 
caecus 
tmpmneiis 
1 

mimviaUis 

16 


httoralts 

cultcinus 


medioluieaHis 


Short descriptions of the species, with references, and distribution, as far 
as it IS known, are appended, but the reader should also refer to the remarks on 
the general characteristics of the subgenera, and grouping of species, given 
above 


Aedes (Aedimorphus) lowisi (Theo ) 

Reedomyia lowistt, Theobald, 1910, Mon Cul , Vol V, p 257 
Female scutellum covered with flat silvery scales contrasting with the rich 
brown colour of the mesonotum, dorsum of abdomen brown with narrow basal 
white bands, silvery spots at the tips of the femora and tibiae, narrow basal and 
apical pale rings on the hind tarsi, 5th segment pale 
I have not seen a male 

There is one female in tlie Central Malaria Bureau collection, Kasauh, from 
the Andaman Islands (Lozvis) Theobald gives Galle, Ceylon (Bambngge 
.Fletcher) as another locality but the specimen to which this referred was later 
found to be A jamesi by Edwards 

The type male and female are in the British Museum 


Aedes (Aedimorphus) jamesi (Edw ) 

Ochlet otatus jani-esi^ Edwards, 1914, Bull But Res , Vol V, p 77 
Male and female Mesonotal scales dark brown with pale scales forming 
indefinite spots in some specimens, scutellar scales flat and silvery, abdomen dark 
brown with narrow basal pale bands and lateral basal pale patches, silvery spots 
at the tips of the femora and tibiae, hind tarsi with narrow basal white rings on 
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Since the commencement of the present Revision I have had opportunities 
of making an intensive study of many thousands of mosquitoes from all parts 
of India, and have come to the conclusion that it would he advisable, m order to 
avoid further confusion in the classification of the Tribe Culicim, to adopt the 
views of Edwards and of Dyar, and to treat various groups as subgenera of 
Acdcs, instead of maintaining them as separate genera as was done in my earlier 
papers The classification referred to is now generally accepted and is justified 
on the grounds that there is considerable difficulty m making 01131 clear-cut 
division between the various groups of Aedes owing to the presence of a number 
of intermediate forms These intermediate and aberrant species certainly appear 
to afford clear evidence that the different groups are actually closely related 
The genus Aedes, as a whole, may be characterised as follows — ^pulvilli 
absent, spiracular bnstles absent, post spiracular, sterno-pleural, and uppci 
mesepimeral bristles present, lower mesepimeral bnstles usually absent, but a 
few are present m some forms, prothoracic lobes well separated, proboscis 
moderately slender, straight, and of uniform thickness , wing scales not unusually 
road nor asymmetrical , palpi of the female not more than one-quarter the 
length of the proboscis, eighth segment of abdomen of female retractile in some 
groups completely hidden within the seventh, particularly m dried specimens 
postnotam wuhout =eta.. anter.or fork-cell of-rvrng not unusually s”u; 

( 663 ) 
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Until recently the Central Malaria Bureau collection did not include any 
specimens, but one female in very fine condition has been presented by 
Mr Bainbrigge Fletcher, from Pusa, Bihar, 21 vii 1927 (Shaffi coll ), from 
which the above description has been made I have seen one other female 
specimen in the Indian Museum, fiom Kierpur, Purneah district, Bihar, 8 — 14 ix 
1915 (O Pawa) 

The types are in the British Museum, from ‘ India ’ (James) 

Aedes (Aedimorphus) vexans (Mg ) 

Culci vexans, Meigen, 1830, Syst Beschr , Vol VI, p 241 

I have devoted some time to the study of this species and find that although 
it has a wide distribution through northern India and Assam, and extends into 
Burma, it is apparently replaced in southern India and Ceylon by two other 
species These two species, whilst resembling A vexans verj^ closely in general 
appearance, differ from that species, and from one another, in certain details of 
structure and marking'i These differences are set out in the synoptic table and 
are repeated again under the descriptions 

One of the species which I consider distinct is, I feel sure, Theobald’s 
Culex stenoetrus, which was sunk under A vexans by Edwards (1917) Under 
the description of A stenoetrus which follows I have given my reasons for 
reinstating it as a valid species The other species appears to be new and I have 
deseribed it under the name Aedes (Aedimorphus) fishen There is the possi- 
bility that It may be another of Theobald’s species now sunk under A vexans 
but as it IS distinct in markings and structure from that species and from 
A stenoetrus this appears to be unlikely 

Through the kindness of Mr F W Edwards I have been able to examine 
a British male of A vexans and this agrees with the common Indian species 
ranging through northern and eastern India 

As regards Indian specimens the distinguishing characters of A vexans arc 
as follows — a brownish mosquito with narrow basal pale bands on the tarsi, 
pale basal bands on the dorsum of the abdomen, femora speckled with pale scales 
especially the anterior surface of the mid femur, where the pale scales are usually 
numerous and evenly sprinkled, palpi of the male longer than the proboscis by 
about the length of the terminal segment, a pale ring at about the middle of the long 
segment, white scales dorsally at the bases of the last two segments, hair tufts 
yellowish, palpi of the female about one-sixth the length of the proboscis, brown 
witli pale scales at the tips , proboscis of the male with an indefinite pale area at 
about the middle, especially beneath, that of the female extensively pale beneath 
and at the side, brown above with scattered pale scales, scutellar scales narrow 
and yellowish, claws of the hind tarsi of both sexes simple (possibly toothed 
m occasional specimens) , postnotum usually dark brown There is some varia- 
tion in the shape of the pale abdormnal bands but they are nearly always narrower 
m the middle than at the sides especially in the male I have seen some specimens 
m which the bands are completely divided into lateral patches, in others there are 
median apical pale patches tending to form a longitudinal stripe Male genitalia 
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about two-thircls of llie length, niicldle part of the ninth Icrgitc of male gemtaha 
slightly convex, clasper moderately swollen at tlie tip, basal lobe of side-piece 
flat-ended with hairs at the apex all about the same length, a few of the hairs 
are stouter and more bladc-hke than the majority, side-piece 
the length of the width at the base in a dorsal or ventral view (Plate LVJ, hgs 4 
and 5) These characters are variable m other fonns of the species and have been 
used to separate the different varieties referred to above 

A few specimens were bred by my laboratory assistant, Sobha Ram, whilst 
assisting Major G Coveil, i m s , m a malarial survey of the Andamans m 
July 1926 

The subgencra Aldimorpiius and OciilCrotatus 

Aedxinorphus, Theobald, 1903, Mon Cut , Vol HI, p 290 

Ochlcrotatus, Arrihalzaga, 1891, Rev Mus La Plata , Vol II, p 143 

The mosquitoes belonging to these subgencra may, m the females, be distin- 
guished fairly easily from those of other genera by the shape of the terminal 
segments of the abdomen The eighth segment is small and iisuall} completely 
retracted within the seventh m repose, the cerci arc well developed and project 
from die tip of the seventh segment (compare Plate LIX, figs 36 and 37) 

In the males the palpi are usually as long as, or slightly longer than the 
proboscis, the terminal segments thickened, turned dounwards and with hair 
tufts The antennal hairs in the males are arranged chiefly on the dorsal and 
ventral aspects, and not m regular whorls as m tlie males of most other 
mosquitoes 

There are no lower mesepimeral bristles , the number of pro-epimeral is 
usually 6 or 7, but m A incdiolmcatus tliere are about 11, and m A uuvimatus 
there are only two or three 

The subgenus Acdimorphus has a wide distribution m India and includes 
17 recognised species A vexans is a troublesome blood-sucker m some parts 
cf the country The species may be conveniently arranged in the following 
groups — 

(a) alhoscutellahis group A alboscutcllatus, A mvcoscutclla, A loxinsi, 

and A rscutellum covered with flat brilliant silvery scales contrasting 

remarkably with the brown or reddish brown colour of the mesonotum 

(b) vexans group A vexans, A steiweti us, and A fislio i sp n , brownish 
mosquitoes with pale basal bands on the tarsi, femora speckled with pale scales, 

asal pale bands on the abdomen These species are distinct from all the others 
m the structure of the male gemtaha In tlie form of the basal lobe the plates 

(c) caccu! group A caeciH, and A impimims, very similar ,n 

“mctoe of ttTle 

other groups ® to the 

and 4 4::4;;rS ^ t™gs 
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The characters by which I distinguish A stenoetrus from A vexans, based 
on the examination of five males and twenty females, are as follows — both 
tarsal claws on all the legs toothed m the male and female, proboscis of the 
male entirely dark brown, palpi of the male shorter than in the male of A vevans - 
being longer than the proboscis by only half the length of the terminal segment 
or less, the hair tufts also appear browner than m A vexans, clasper of the 
male gemtaha with a longer and more pointed appendage than m either A vexans 
or A fishcri, basal lobe larger and with more numerous hairs (compare 
Plate LVII, figs 7, 8 and 9) , postnotum m botli sexes usually pale brown or 
yellowish 

Apart from the toothed claws, which are present m the twenty females 
examined, this sex is difficult to separate from the females of A vegans The 
pale nngs on the hind tarsi are well-marked and wider m some Specimens than 
IS usual in A vexans The basal white abdominal bands are very slightly con- 
stricted in the middle in both sexes 

The Central Malaria Bureau collection contains specimens from the Nilgiri 
Hills, 1915 {Khazan Chand) , Coonoor, Nilgiri Hills (Patton) , and Kodaikanal 
(Patton) There are no specimens of A vexans from these localities m the 
collection 

I have not at present had an opportunity of examimng any specimens from 
Ceylon and have relied on Theobald’s descriptions 

I am 111 doubt as to the identity of Cuhcada cruthrosops Theo the type 
female of which came from Trmcomalee, Ceylon (Green) This place is on 
the north-east coast of the Island and has a drier and hotter climate than 
Maskehya and Hakgala referred to above 

The type females of C stenoeU ns and C psendostenoetrus are m the British 
Museum 

Aedes (Aedimorphus) fishen sp n 

This species closely resembles A vexans and A stenoetrus, but may be 
distinguished as follows — pale scales on the antenor surface of the nud femur 
of the female arranged in definite small spots, forming more or less two longi- 
tudinal rows, m the male these spots are usually less definite, palpi of male 
longer than the proboscis by nearly the length of the last segment, hair tufts 
pale brown or yellowish, basal lobe of male genitalia with one long hair and 
four long leaf-hke processes (Plate LVII, figs 9 and 10) , proboscis of the male 
with a pale area m the middle, the border of this area nearest to the base of the 
proboscis sharply defined , apical one-third of the proboscis of the female noticeably 
blackish-brown when viewed from above, the remainder dark brown speckled 
with pale scales, claws of the hind tarsi simple in both sexes, postnotum usually 
dark brown, basal white abdominal bands straight or very slightly narrower in 
the middle 

I have examined 14 males and 16 females from Tavargatti, Bombay, 
Deccan, bred from larvae obtained from a jungle pool, August 1921 (Barraud), 
and t\vo males from Somwarpet, Coorg, bred from larvae found in a small 
grassy pool June 1927 (Sub-Assistant Surgeon J D Bady, IM D ) 

30 specmiens bred from one batch of larvae from the same pool, mentioned 
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Svnoptic Table for the identification of the adults of the Indian species 
Apdps (Ar.mMOKpnus)' and Arons (Ocni,rnoTATus) 

1 Sciitclluni completely covered with fint silvery scales 

contrasting with brown or reddish brown colour ^ 
of incsonotnm 

Scvitclhr scales not siKcry, usually narrow and yellow 
(some rather broad white scales m pipcnaklu<! 
and cam/0 

2 Hind tar<?i with basal while rings 
Hind tarsi with basal and apical rings 
Hind tarsi entirely dark 

^ \hdonnnal tcrgitcs \Mth pure \\1nlc basal lateral spots, 
and sometimes complete white bands 
Abdomen wnlb a continuous \tllow lateral stripe on 
each side 

4 Wings speckled with pale scales 
Wings not speckled 

5 Hmd tarsi marked with apical and basal white rings, 

mesonotum bright faun colour with a pair of 
paler stripes 

Hmd tarsi marked witli narrow basal pale rings Qnl>, 
mesonotum without pale stripes 

6 Pale scales of mesonotum forming roundish spots, 

some broad wdutc scales on mid lobe of scutcllum 
Pale scales of mesonotum numerous and evenly dis- 
tributed, not forming spots, narrow pale scales on 
mid lobe of scutcllum 

7 Femora and tibiae marked with longitudinal pale 

stripes 

Femora and tibiae not striped 

8 Legs almost entirely bright golden yellow, mesonotum 

marked with a pair of black stripes, a black spot 
over each wing root 

Legs not bright yellow, thorax without black stripes 

9 Hind tarsi marked with pale rings 
Hmd tarsi without pale rings 
Basal and apical rings on hind tarsi, 5th segment 

entirely ^Yhlte 

Basal pale rings on hmd tarsi, 5th segment not 
entirely white 

Anterior surface of mid femur speckled with pale 
scales 

Anterior surface of mid femur dark brown without 
a speckling of pale scales 
Both daws of hmd tarsi toothed in botii sexes, 
proboscis of male entirely dark brown, postnotuin 
usually light brown or yellowish, dasper of male 
genitaha with a rather long appendage (Plate LVII, 
fig 8) 

Claws of hmd tarsi simple m both sexes, proboscis 

postnotum 

y dark brown, dasper of male genitalia with 
a shorter appendage (Plate LVII, figs 7 and P) 13 - 


of 


10 


11 


12 


4 

jamest 

lotvtst 

3 

albosciitcllnlus 

utvcosculrlln 

5 


O cospius 


pt^crfalalus 


tacinorhynchoidci 

palltdosirtalus 

8 


iiwrosfnatus 

9 

10 
15 

0 pukhniarsts 

11 

12 
14 


^irnoclius (Mountains of 
south India and the high- 
er parts of Ccjlon) 
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female of C suhmensis and two co-type females from Sukna, North Bengal, 
Jul}'- 1908 {Annandale) All these appear to be the same species but the form 
of the scutellar scales certainly varies a good deal and I am inclined to think 
that Theobald’s Culex coccus and Cuhcada siiknacnsts are possibly conspeafic, 
particularly as there appears to be very little difference, if any, in the structure 
of the male genitalia The male of Walker’s Culex iniprwwns is unknown and 
this species was described from a female from Amboma, an island east of 
Celebes, and it is possible that it may eventually be found to be distinct from 
the Indian species 

The 50 specimens referred to above were obtained from the following loca- 
lities — Bengal, Rangamati, Chittagong Hill Tracts, September 1922 (Barraud) 
Assam, Dimapur and Dibrugarh, July and August 1922 (Barraiid), Golaghat, 
January 1925 (Ban and) 

The type female of C tmpnmens is in the British Museum, and that of 
C sukmensts m the Indian Museum 


Aedes (Aedimorphus) pipersalatus (Giles) 

Stegomyia ptpersalata, Giles in Theobald, 1901, Mon Cut , Vol II, p 31t), 
(female only) 

Pseudograbhamta macnlata, Theobald, 1905, Jour Bonii Nat His Soc , 
Vol XVI, p 243 

This and the following species may be distinguished from the other members 
of the subgenus by'the speckling of pale scales on the wings, proboscis, and legs 
In A pipersalatus the mesonotum is dark brown with pale scales forming small 
round spots, and scutellar scales are white and rather broad especially those on 
the mid lobe , these characters serve to distinguish this species from A taemorhyn- 
choides There are narrow basal pale rings on all the segments of the hind 
tarsi in both species 

A pipersalatus appears to have an eastern and southern distribution, whereas, 
as far as is known, A tacniorhyncliotdes is confined to the Punjab and Delhi 
Province I have exarmned specimens of the former from the following locali- 
ties — Central Provinces , Kamptee, Nagpur distnct, Bombay Presidency , 
Belgaum and Tavargatti, August 1921 (Barraud) Bihar, Ranihat, Cuttack 
(S Sundar Rao), Pusa, 31 vii _1927 (Shaffi coll ) In some notes kindly sup- 
plied to me by Mr F W Edwards the following additional records are given — 
United Provinces, Anwarganj, Cawnpore distnct (I W C) Bengal, 
Madhupur (C Patva) 

Giles’ description of Stegomyia p'lpersalata was a composite one, the male 
and female belonging to different species The female is taken to be the type 
and IS labelled Gonda (United Provinces) Pseud ograbhaima maculata was 
described from specimens from Ceylon (Green'), and Theobald gives Madras 
Town as an additional locality The tj'pe specimens are m the Bntish Museurt 
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Kt, 0 A in <1ip Sth scffmenls Palpi of the male longer than the proboscis by a 
Me i‘e 1 IcS o. the e,.,ca, .cB.t.cU The clesper of the ™ e 
gemlaha .s simila, to that of A Mo<n,lrlM,:s l>itt less espanded 

''^'^Tpelimeitf'^are' li/’thf Ccmral Malaria Bitic.™ collection, Kasatih, from 
MadL (Po«o») . Tavargatli. Bomhav Uccean, larvae collected from ,,o^K m 
lunde AuEUst 1921 (Bmiaud) 1 have seen one male and three females 
Collected at Pusa, Biliar Specimens arc m the British Museum from Colom o, 
CeyTon (/a,;ic.) (including type female), and Galle, Ceylon (Bau^lrwoc 

Fletcher) ^ 


Aedes (Aedimorphus) alboscutcllatus (Then ) 
lepidoiomyia alhoscutcUata, Theobald, 1905, /l;i» Mus Nat Hung. 
Vol III, p 80 

Rccdoiiiyta albosciifella, Theobald, 1907, il/oii Cul , Vol IV, j) 261 
Rccdoutyia pampaiigcnsis, Ludlow, 1905, Can But , Vol XXXVII, p 94 
Culex aigenUiwhis, Banks, 1909, Phil Join Set, Vol IV, p 547 
Aedes omnrensis, Yamada, 1921, Aunot Zoo} Jap , Vol X, p 73 
Male and female Thorax rich dark brown, scutcllar scales flat and brilliantly 
silvery, lateral basal white patches on the abdominal tergites not usually \isiblc 
dorsally, narrow basal pale bands m some specimens , silvery spots at the apices 
of the femora and tibiae, tarsi entirely dark Palpi of the male longer than 
the proboscis by nearly the length of the last two segments The form of the 
clasper of the male genitalia is shown in Plate LVIII, fig 24 

I have examined specimens from Tavargatti, Bombay Deccan, bred from 
larvae found m jungle pools, August 1921 {Banaud), and from Golaghat, 
Upper Assam Valley, December '1924, and January 1925, caught m jungle 
{Barraud) The type female of L alboscutcllala is in the National Ivlnseuin of 
Hungary, Buda Pest, from Papua (Pnd), the type male and female of 
C argenhnotus are in the Entomological collection, Bureau of Science, Manila, 
from Rizal, Philippine Islands {Baiilis), that of R panipangcnsis in the Army 
Medical Museum, Washington, from Anzeles, Pampanga, Pliilippine Islands 
(Whitmore) A omnrenus was described from Omura, Kiushu, Japan, ‘ four 
females and two males taken as the syntype (No 35) ’ 


Aedes (Aeditnorphus) niveoscutella (Theo ) 

Reedomyia niveoscutella, Theobald, 1905, low Bcon Bwl , Vol I, p 22 

mesonotum uniformly dark brown except for a narrow border of 

r= :i 

iriTiS: ns 'r "• 
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dark scaled, legs yellowish or brownish \yithout pale stripes or rings, proboscis 
dull yellow except at the extreme tip, palpi of the male yellowish, the apex of 
the long segment and the last two segments brownish above, hair tufts yellow, or 
brown when viewed from the side against a white background, the whole palp 
is longer than the proboscis by a little more than the length of the last segment, 
palpi of the female about one-quarter the length of the proboscis In the male 
the dorsum of the abdomen is marked with a triangular dark area on each tergite 
A\nth the apex towards the base of each segment, yellow scales at the sides, in 
the female there is a median pale ochre-yellow stripe down the dorsum bordered 
on each side by dark brown, pale yellow again at the sides The shape of the 
clasper of the male genitalia is shown m Plate LVIII, fig 20 

The types of C imdiohneainm and C tnimeatus are in the British Museum, 
both from Thayetm)m, Burma (Watson) 

Edwards has given Culex trmaculatns (Theobald, 1905, Ann Mus Nat 
Hung , Vol III, p 86) as a synonym of this species, but the descnption, based 
on a female from Bombay, 1902 (Bv6), does not appear to agree in some 
points, and I have not seen any specimens from the western side of India 
There are a few specimens of A inedtohneatus in the Central Malaria Bureau 
collection, from Thayetmyo, Burma, received 21 xi 1925, from the Supenn- 
tendent of the Jail 

Aedes (Aedimorphus) nigrostnatus Barr 
Aedwiorphus nigrostnatus, Barraud, 1927, Ind Jour Med Res, Vol XIV, 
p 594 

This species was fully desenbed under the reference given above 
The distinguishing characteristics are as follows — a golden yellow mosquito 
marked with a pair of conspicuous black stripes on the mesonotum and a round 
black spot in front of each wing base , proboscis, abdomen and legs almost entirely 
golden yellow on the wings there are black scales on about the basal two-thirds 
of vein 1, on veins 2 and 4 from the cross-veins continued along the lower branch 
of 2 (2 2) and upper branch of 4 (4 1), along the stem of 5 and 5 2, other veins 
and costa yellow scaled The clasper of the male genitalia is remarkably 
specialised (Plate LVIII, fig 17) 

The type male and female are now in the British Museum, from Golaghat, 
Assam, 17 xi 1925 (Barraud) , other specimens from the same place are in 
the Central Malaria Bureau collection, and one female from Rangoon (Capt R 
W Hamilton Miller) 

Aedes (Aedimorphus) httoralis Barr 
Aedmorphus httoralis, Barraud, 1927, Ind Jour Med Res, Vol XIV, 
p 551 

A full description of this species was given under the reference given above 
Distinguishing characteristics — a yellowish mosquito without conspicuous orna- 
mentation, legs brown and unhanded, dorsum of abdomen of male with violet- 
black apical bands, which are broad on segments 2, 3 and 4, abdomen of the 
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lL""sy.folyn.y ot Or.cnm\ !nr,m, nt.cr removing C..Im 
slenoclr.,s and C„ln t^cudoslc„ocm,s. «>' 

sunk under ^ verans -Cuheada ntpporni/ihtohm, Ch , /J ' 

p 337 described from one female from Karmzana, Japan {Cornford ) ; Cuhead^ 
TheoWd, 1907, Mon Cnl , Vol IV, p I3S, .tecnl.nd Iron, a Icwnic 
from India {Clmstopltcrs). probalily from Mian Mir, Ualiorc Cuheoda m 
rosops. Theobald, 1910, Mon C.,1 , Vol V, p 229, descr.licd f rom .a single 
female (hind tarsi missing) from Tnncomalcc, Ceylon (Girrn) (vide remarks 
under A stenoefrus) The type females of the al)o\e-mcnlionc(l three speacs 

are in the Bntish Museum CnIc^ vegans, Theobald (nee Wiedniann 1901, 
Moh Cid, Vol I, p 411, redcscribcd from one female and recorded from 
Hongkong' and Shanglwi, Cider Inisidum, Ludlow. 1911, P<:yclir, Vol XVIII, 
p 126, f Culex atiratus, Leicester, 1908, Cid Moloya, p 153, described from 

the Malay Peninsula, type apparently lost 

I have examined specimens of A ‘ur'innr from the following places m 
India —N W Frontier, Kohat (Sui(oii) and AbboUabad , Central Prorincc-, 
Pachman (V H Dozvson) , United Provinces, Bhowah, Nairn Tal (S Simdm 
Rao) , Assam, Golaghat and Khumtai (ChrtstoffJicrs), Golaghat, October 1924, 
December 1924, January 1925 (Dnriand), Shillong and Nongpoh, June and 
July 1922 (Barraud) , Burma, Rangoon (Onistophos) 

Aedes (Aedimorphus) stenoetrus (Thco ) 

Cider stenoetrus, Theobald, 1907, Mon Cul , Vol IV, p 395 
Cuhx pseudostenoetrus, Theobald, 1910, 1 c , Vol V, p 343 
This resembles A vcxaiis very closely and has been considered as synony- 
mous with that species I have reinstated it as distinct on the characters gi\cn 
in the synoptic table These include the presence of toothed claws on the Innd 
tarsi m both sexes This is a very unusual character m tins subgenus and is 
not found in any of the other Indian species as far as I have oliscrvcd I am 
aware that the form of the claws is subject to variation and is not usually of 

appears to be constant and is correlated 
Tct K structure of the male, mentioned below, and with a definite 

o* Ind.a and Ac higher parts of Ceylon 

(Grf» a„T r a f"" Maskehy.a, Cqdon 

«"£S r; iSrr.rJXT'’- •; « "x.' 

about 200 inches per annum rh’ ^ rainfall m these localities is 

east and south-west monsoons Th^ T influence of both the north- 

similar In bs dLnprn of ? V ^o«th India is very, 

te o„ Ac larsal “aTaTe 
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Aedes (Ochlerotatus) caspius (Pallas) 

Culcx caspius, Pallas, 1771, Rcisc versch Prov Russ Retells, Vol I, 
p 475 

This species may be fairly easily distinguished by the characters given in 
the synoptic table — wings speckled with light and dark scales, tarsi marked W'lth 
pale apical and basal rings, mesonotum clothed with bright fawn-coloured scales 
and marked with a pair of ill-defined white stupes running from the front of 
the thorax to the scutellum It is a Palearctic species and up to the present 
has been found only in the extreme north-west of India Drawings illustrating 
the structure of the male genitalia are shown in Plate DVI, figs 2 and 3 

I have seen specimens from Nowshera, vi 1911 {Major Snuth), Bragica, 
Baltistan, 7,300 feet, viii 1923 {Colonel L G Btozvsc), Bannu and Peshawar 

Aedes (Ochlerotatus) pulchntarsis (Rond ) 

Culcx pulchntarsis, Rondani, 1872, Bull Soc EfUt Ital , Vol IV, p 31 
Ftnlaya versicolor, Barraud, 1924, Ind Jour Med Res , Vol XII, p 73 
A description of the female of this species (under the name P versicolor) 
will be found m tins Journal under the above-mentioned reference It is said 
to be exclusively a tree-hole breeding species and it beais a strong resemblance to 
some species of Ftnlaya having similar habits Up to the present I have not 
seen a male Like A caspius it has only been found in the extreme noith-wcst 
of India It is a well-marked species and the distinguishing characters are as 
follows — general colouration black, brown, and white, fifth tarsal segment of all 
the legs entirely white, white basal and apical rings over the joints between the 
tarsal segments on all the legs except that between the third and fourth segments 
on the fore and mid pairs, a wide central area of bright golden brown scales on 
the front of the mesonotum, white basal bands to the abdominal tergites, wings 
dark scaled 

Var astaUcus, Edwards, 1926, Rw Malanologia, Vol V, N S I, fasc 4, 
p 430 

In this form there is a more or less distinct central white stripe on the 
mesonotum dividing the brown area No locality was given in the description 
of this form, but presumably it referred to specimens sent to Mr Edwards by 
me from Drosh, Chitral {Walker) 

The type of F veisicolor is now m the British Museum from Yusimarg, 
Kashmir, 7,500 feet, 6 — 15 viii 1923 {Bainhitgcjc Fletcher) 

Aedps subgenus Banksineeea 
Baiiksmella, Theobald, 1907, Mon Cul , Vol IV, p 468 

Aedes (Banksinella) lineatopennis (Ludl ) 

Taentorhynchus lineatopennis, Ludlow, 1905, Can Fnt , XXXVII, p 133 
Cule\ lutcolatcrahs, Theobald, 1901, Mon Cul , Vol II, p 71 (in part) 
This IS the only species of the subgenus at present known from India It 
may be distinguished 'from other mosquitoes by the following characteristics — 
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above, ore nr-erked as co-.j-pcs a..<l are al presen, ,n the Central Malar, a linrea,, 

“"“Chrva (Plate LIX. r,?s 2R to ,12) .I.ITers (rran the dosenptinn of that of 
A or.aar ,n l.av.ng tl,e nnd post antennal Itan , on tlte dorsal ^ 

single and ratlict slonl, the inner post antennal hair ,s fo ir-l, ranched 
ehitmised tnbe of the siphon is ahoiit 21 times longer than the graatest iiidth, 
pecteii 13 to 19 teeth, the two or three dist.il teeth larger, more iiidcK spaced, and 
Lthoiit d, St, ne, lateral denticles, coinh of eighth .ahdonnnal segment composed o 
10 rather large teeth The above dc<-^r,plion has hecn made from the skins cast 
by three isolated larvae at the time of pupation and fiom which the resnltant 
adults have been presented 

I have much pleasure in dedicating this species tn the late Dr K \\ I'lslicr, 

formerly Director of the Vaccine Institute, Bclgauiu, \\ho showed me much 
kindness and hospitality during my collecting lour in the Bombay Deccan in 
1921 

Aedes (Aedimorphus) caecus (Thco ) 

Ciilcx caecus, Theobald, 1901, Mon Cul , Vol T. p 413 
Pcconiym caeca, Theobald, 1907, 1 c , Vol IV, p 268 
This species resembles the A vc\ans group in general appearance hut may 
be distinguished by the absence of pale scales on the femora, the anterior surface 
of the mid femur partiailarly is entirely dark brown There arc some rather 
broad white scales on the scutellum, sometimes on all the lobes, in other speci- 
mens the scales on the mid lobe arc mostly narrow, this variation occurs m both 
sexes The presence of these broad scales is about the only character b}’' which 
this species may he distinguished from A iinprimcns (AValk described below 
The pale rings on the tarsi are quite narrow, and the pale basal hands on 
the dorsum of the abdomen narrow and straight, proboscis dark brown wnth 
usually an indefinite pale- area in the middle at the sides and beneath, palpi of 
the male longer than the proboscis by about the length of the last segment, a 
pale area at the base and a distinct pale ring at about the middle of the long 
segment, white scales dorsally at the bases of the last two segments, hair tufts 
^brown, antennal hairs- of the male brownish to yellowish I can find ver}^ little 

difference m the structure of the male genitalia between this species and 
A mprtmens 

There are a small number of specimens m the Central Malaria Bureau 
collection from the Malabar Coast, 1915 (Kftasan Chand) 

Culex caecus was described from one female from Selangor (Butlc)^ it 
’’ “ by Theobald The type is m tlte BAisl, 


Museum 

Aedes (Aedimorphus) imprimens (Walk) 

Cii/ev Walker, 1861,?™ i.,,,, Soc Lo„do„,Vol V p 14 

O hcada 3„kme„sn, Theobald, 1910, Rcc Ind M„, , Vol IV p 21 

This resembles A caecus described above very closelv T finl 
sbout 50 SPGCimQns from i a ^ ^ ^ 6 6X0,1111 

J, M R ® Theobald's t 
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Explanation op Platl EVI , 

Drawings illustrating the structure of the male genitalia in Acdes (Acdt- 
mo)phus), Aedes {Ochlerotatus), Aedes (Stcgomyta), and Acdes (Banksiudla) 
All the drawings show the dorsal Mew (ventral after rotation of the hypopy- 
gium) 

Fig 6 drawn to tlie scale shown under Fig 1 
Fig 1 Acdes (Acdtiiu/rphus) vnpjimcns Side-piece (hairs omitted), clasper, 
basal lobe or plaque on the anal surface of side-piece, and indefinite 
lobe on ventral botder 

„ 2 Aedes (Ochlerotatus) casptus Side-piece (hairs omitted), clasper, lobe 
at the base of dorsal border of side-piece, and harpago 
„ 3 Aedes (Ochlerotatus) casptus Harpago on a larger scale 

„ 4 Aedes (Stegomyia) vanegatus (Andamans) Side-piece (hairs omit- 

ted), clasper, basal lobe or plaque on anal surface of side-piece, and 
small lobe on ventral border 

„ 5 Aedes (Stegomyia) vanegatus Middle part of ninth tergite 

„ 6 Aedes (Banksinella) hneatopenms Side-piece (hairs of outer side 

omitted) clasper, hairs and spines on anal surface of side-piece, and 
lobe at base of dorsal border with spines 
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Aedes (Aedimorphus) taemorhynchoides (Chris) 

Lcshcomym tacmoihwchoidcs, Chnslophcrs, 1911, Pahuhm.^o 2, p 68 
Pccomyia maadata, Tlicobalcl, lOOS, foui Pro,, Iho] , Vol I, p 
This species resembles A pipnsAalu^, descriliecl above, but may be distin- 
<misbed by’the lighter colour of the mesonotum owing to the presence of more 
numerous pale scales which do not form spots, and by the nan ower scales on 
the mid lobe of the scutellum, m otlier respects the orna'mentation of llic two 
species is very similar Theie are small dilTercnccs m the shape of the claspor 
of the male genitalia (Plate LVIII, figs 22 and 23) 

A tacmo}hynchoidcs appears to be confined to the Punjab and Delhi Pro- 
vince, and I have examined specimens from the following places —Amritsar, 
September 1910, three specimens including the types (CIn I’^tophci <;) , Chandigarh, 
near Kalka, June 1914 {Colonel C A Gdl) , Ambala, Augtist 1923 {CapI K R 
K lycngci), New Delhi, vii 1927 {R Scnw}-WhUc), Karnal. vii 1927 
(Barraud) 

The types of L taouo) Iiyiichoidcs arc in the Central Malaria Bureau, and 
that of P maculata in the British Museum, probably from IMian Jklir, Lahore 
{Christophers) 


Aedes (Aedimorphus) pallidostriatus (Theo ) 

Culc\ palhdostnatns, Theobald, 1907, Mon Cnl , Vol IV, p 410 
Cidex parascclos, Theobald, 1910, Rcc Ind Mus , Vol IV, p 18 
Male and female femora and tibiae and first tarsal segments marked with 
conspicuous longitudinal pale stripes, mesonotum dull yellow with a pair of 
submedian paler stripes, front edge of costa of wing pale scaled for the whole 
length, dorsum of abdomen entirely covered with bright ochre-yellow scales 
This is rather a large mosquito and owing to its yellowish colour and striped legs 
is distinct from any otlier member of the subgemis The shape of the male 
clasper is shown in Plate LA^III, fig 18 

I have seen specimens from the following places — Delhi, 15 vin 1927 
{R Semor-White) , Trombay (Bombay Harbour) July 1921 {Ban and), 
Cuttack, Bihar {S Sundar Rao) , Madras, March 1914 {Patton) The follow- 
ing additional records are in some notes supplied to me by Mr F W Edwards 

Bengal, Dum Dum {MOT lyengai), Tmpahar, near Rajniahal {Annandale), 
Manhupar (C A Paiva) , Umted Provinces, Anwarganj, Cawnpore district 


The ^es of C pallidostriatiis are in the British Museum, from Peradcniya 
ty on {Gieen) and India {Chnstophers) , and that of C parascclos in the 
Indian Museum, from Madras Town {Mus coll ) 30 x 1908 


Aedes (Aedimorphus) mediolmeatus (Theo ) 

Cidex mediohneatum, Theobald, 1901, Mon Cnl, Vol II n 113 
Cidev tidmeatns, Theobald, 1901, 1 c, p 105 



Explanation op Platc LVII 

Drawings illustrating the structure of the male genitalia in Aedes (Aed^- 
mofphus) and Aedes {OcJilerotatus) 

Figs 7, 8, 9, and 11, drawn to the scale shown between Figs 7 and 8, 
Figs 12 to 16 drawn to the scale shown under Fig 15 

Fig 7 Aedes (Aedtmorphus) vegans Basal lobe and clasper (slide prepara- 
tions) 

„ 8 Aedes (Aedimorphus) stcnoetrus Basal lobe and clasper (slide pre- 
paration) 

„ 9 Aedes {Aedtmorphus) fishen sp n Basal lobe and clasper (slide pre- 
paration) 

„ 10 Aedes (Aedimorphus) fishen Dorsal view (ventral after rotation o^ 
the hypopygium) of side-piece, hairs omitted, clasper, and basal lobe 
or plaque 

„ 11 Aedes (Aedimorphus) vcians Lateral view of clasper, showing 
abnormal double appendage seen in one specimen from Assam 
Figs 12 and 13 Aedes { Aedimorphus) cacius Plates of the anal segment (two 
sides of the same segment twisted m different positions), slide pre- 
paration 

Fig 14 Aedes (Ochlcrotatiis) casptus Plates of one siae of the anal segment, 
flat preparation 

„ 15 Aedes (Aedtmorphus) veians Plates of one side of the anal segment, 
flat preparation 

16 Aedes (Aedtmorphus) mimmahis Plates of one side of the anal 
segment, flat preparation 
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female almost completely covered with violet-black scales dorsally ihc clasper 
of the male (Plate LVIII, Hg 27) is qiiile dilTerent m shape from that of any 
other Indian species of the subgenus 

The type male and allotype female are now m the British Museum, from 
Trombay, Bombay Harbour, July 1921 {Ban and) 


Aedes (Aedimorphus) culicinus (Edw ) 

Aedcs {Eccxilcx) cuUctnus, Edwards 1922, Ind Jour Med Res, Vol X, 
p 271 

This species was described in this Journal under the reference given above 
It is a brown mosquito with pale basal bands on the abdomen and unbanded legs, 
resembling Cxdcx fahgans The female may be distinguished from that species 
by tlie shape of the terminal segments of the abdomen, the eighth segment is usually 
completely hidden witlnn the seventh, the cerci are long and project from the tip 
of the last named segment The male may be distinguished from that sex of 
C fatigans by the form of the palpi which are only a little longer than the pro- 
bosas, the terminal segments turned downwards and bearing hair tufts The 
male gemtaha are also, of course, quite distinct (clasper Plate LVIII, fig 19) 

The type male is in the Central Malana Bureau, and allotype female in the 
British Museum, both from Delhi, 1914 {Christophe) s) Another female speci- 
men IS in the British Museum from Amritsar, 1911 {Chustophers), and there 
are a number of females in the C M B collection from Lahore, August and 
September 1923 {Stxitoxi) 


Aedes (Aedimorplius) nuimnatus Edw 

Aedes {Aedimorphus) nmnmatus, Edwards, 1923, Bull But Res ,No\ XIV, 
P 4 

This is an aberrant species in markings and structure In general appear- 
ance it resembles Aedcs {Binlaya) niveus (Ludl ) described and figured in 
Part VI of tbs Revision, espeaally in the presence of a large patch of white 
scales on tlie front of the mesonotum The general colouration otherwise is 
dark brown, but the underside of the abdomen is pale The hind femur is dull 
wbte on the outer or anterior side from the base to tlie tip, whereas in A mveus 
the apical one-tbrd is black In the male the palpi are thin, without hair tufts 
and only about half the length of the proboscis The tip of the abdomen in the 
f^ale IS rather blunt, tlie eighth segment not completely contracted and the cerci 
short The clasper of the male (Plate LVIII, fig 21) is divided into two arms 
one of which carries a short terminal appendage 

The tj^e male is m the Bnfsh Museum, from Meeuglas, Jalpaigun (M O 
T Iyengar) There are specimens m the Central Malana Rur f n 
Sukua, September 1922, bred from larvae found mfreeLfeTr T 
Nongpoh, July 1922, bred from larvae fouri m !, (Barrmd), 

and HaBong, August 1922, bred from larvae taken from“Th°”b < 

jungle {Barraud) ^ broken boilic in 



Explanation op Plate LVIII 

Drawings illustrating the shape of the clasper of the male genitalia of Aedes 
{AeditJiorphus) 

All the drawings are to the same scale 
Fig 17 Aedes (Aedtmorphus) mgrostnatus 
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99 
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general colouration dark brown, inesonotuin marked with conspicuous lateral 
yellow stripes, yellow scales on some of the wing reins, legs da>rk brown and 
unbanded Mnnomyta cJmnhcrlmm Ludl (Radtoculcx clavtpalf^us Thco ) lias 
a rather similarly marked thorax but may be distinguished by the pale rings on 
the tarsi In Banksmclla the palpi of the male aie longer than the proboscis, 
turned upwards at the extremity and apparently composed of only two segments 
The male genitalia are distinctive, the form of ihp side-piece and of the clasper 
are shown in Plate LVI, fig. 6 

The single Indian species has a wide distribution and I have ex'ammed 
specimens from the following places — Lahore, Amritsar and Delhi (Clinslo- 
phers), Ambala and Karnal {Ban aud), Pusa {Capt A C CiaigJiead), Poona 
(Assistant Health Officer), Belgaum (Banaud), Malabar Coast (Khazan Cliaud), 
Golaghat, Assam (Banaud), Port Blair, Andaman Islands (Christophers) 

T, hncatopenms was described from two specimens from Luzon, Philippine 
Islands (JVhitmoie) Theobald confused two species, one from Africa and one 
from the Malay Peninsula, m his description of C hitcolatcrahs, and this name 
is reserved for the African species 


Edwards, F 

W (1917) 
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Explanation op Platc LIX 


Figs 


Fig 


}> 


9f 


tf 


99 


99 


28 and 29 drawn to the scale shown under Fig 28 

30 and 31 drawn to the scale shown under Fig 32 marked (p) 

32 to 35, 39 and 40 drawn to the scale shown under Fig 32 marked (c) 
36 to 38 drawn to the scale shown under Fig 38 

28 Aedes (Acdtvwrphns) fislicn Larva, final instar, dorsal view of 

head drawn from cast skin 

29 Aedes (Aedtinorplms) fishen Lateral view of siphon of larva 

30 „ „ „ Two of the smaller pecten teeth 

31 „ „ „ One of the larger pecten teeth 

32 „ „ „ One of the teeth of the comb of the 


eighth abdominal segment 

33 Aedes (Aedtmorphus) caecus Lateral plate of the phallosome of 

the male genitalia, side \iew, flat preparation 

34 Aedes (Aedtmorphus) vexans Lateral plate of the phallosome of 

the male genitalia, side view, flat preparation 

35 Aedes (Stegomyia) variegatus Lateral plate of the phallosome of 

the male genitalia, side view, flat preparation 

36 Ctdex faUgans Outline dorsal view of the ternunal abdominal 

segments of the female 

37 Aedes (Aedtmorphus) z’exans Outline dorsal view of the terminal 

abdominal segments of the female (c cerci) 

38 Aedes (Aedtmot phus) vexans Lateral view of the terminal segments 

of the abdomen of the female, extended after maceration in potash 
(membrane dotted) (c ccrct) 

39 Aedes (Aedtmorphus) stenoefrus Claw of hind tarsus of male 

40 Aedes (Aedtmorphus) vegans Claw of hind tarsus of male 
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672 Morphology of the Buccal Cavity in Mosquitoes 

Anophelmes to depend upon the characters of tlie buccal cavity alone, it would 
form an entirely separate subgenus 

A further and more detailed study o^ the species examined by these observers 
and of examples of 34 additional species has brought to hght certain other 
points of interest The species of the subgenus Myzomyia appear to us to fall 
into three well-defined divisions The first contains the members of die Group 
N comysomyta, with the exception of A cliristyi, and with the addition of 
A mh The second contains all the Neocellm Group, the majority of the Group 
Myzoinyxa, and one of the Celhas (A pulchernmns) The study of a very 
large senes of speamens has convinced us that the differences between tliese 
members of the Myzomyta Group and the Neocelhas (with A pulchernmns) 
are not sufficient to warrant that they should be placed in different classes as 
regards the morphology of the buccal cavity The third division contains tlie 
Pscudomyzomyia Group, 4 of tlie Myzoviyta Group and 2 of the Celhas 

These three divisions appear to us to differ as strikingly from one another 
as they do from the other subgenera, and it seems preferable to arrange the 
members of the genus Anopheles into 5 Classes as regards the morphology of the 
buccal cavity The different characters of these Classes are so pronounced tliat 
in the case of the 86 species examined by us it has been found possible at a 
glance to assign any species to the Class to which it belongs No intermediate 
forms have been encountered 

The names of the species we have examined are set out below according to 
this classification, the generally accepted grouping being indicated beside eacli 
species It is to be noted that no examples of the subgenus Chagasta or of the 
Group Kerieszia of the subgenus Nyssorhyncims were available for examina- 
tion 


CLASS A Plate LX, (fig 

5, Plate LXII, fig 

19). 

Bucco-pharyngeal 

armature absent 



Present Classification 

Name of species 

Subgenus 

Group 

A htronelh Christophers 

Bironella 


A attkemi James 

Anopheles 

Anopheles 

A algencnsts Theobald 

» 

99 

A harhen Coquillett 

99 

99 

A cultttfonms Cogill 

99 

99 

A btfiircaius Linnaeus 

99 

99 

A plumheus var bananensis James 

99 

99 

A macuhpenms Meigen 

99 

99 

A astahcus Leicester 

99 

99 

A annandalct Baini Prashad 

99 

99 

A etsem Coquillett 

99 

99 

A hndesan Giles 

99 

99 

A gigas var stmlensis James 

99 

99 

A puncUpennts Say 

99 

99 
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Present Classification 


Name of species 

Subgenus 

Group. 

A 

argyntarsis Robineau-Desvoidy Nyssorhynclius 

Nyssorhynclius 

A 

albitaisis var brastltensts Chagas 

j; 

yy 

A 

albtmanns Wiedemann 

}> 

yy 

A 

tarsmiacidatus Goeldi 

Si 

if 


CLASS D (Plate LX, figs 2 to 4, Plate LXI, fig 8) 

Bucco-pharyngeal armature of female consists of a double row of teeth 

witliout deep-set roots, with 12 to 14 teeth m 

each row,* except A ramsayt, 

whicli has only 8 (Plate LX, fig 3) Line of origin of teeth only moderately 

curved 

Bucco-pharyngeal ridges well-developed with simple straight hairs, 



Present Classification ' 


Name of species 

Subgenus 

Group 

A 

rhodesunsts Theobald 

Myzomyia 

Myzomyia 

A 

ciilctctfaaes Giles 

Si 

yy 

A 

culiLifactes var adenensis Christophers 

Si 

yy 

A 

sergentn Theobald 

Si 

yy 

A 

funestus Giles 

s> 

yy 

A 

subimibrosus Theobald {funestus Giles) 

sy 

yy 

A 

funestus var arabtcus Christophers and 




Khazan Chand 

fS 

yy 

A 

listonn Liston 

fS 

if 

A 

mtntntus Theobald 

Si 

if 

A 

acomUis Donitz 

Si 

yy 

A 

jcyponensts James 

Si 

yy 

A 

jeyportcnsis var moghulensis Chnstophi 

-rs „ 

yy 

A 

marsJiallu Theobald 

Si 

yy 

A 

superpictus Grassi 

ys 

yy 

A 

ti ansvaalensis Carter 

Si 

yy 

A 

ru pipes Gough 

Si 

yy 

A 

Stephen it Liston 

Si 

Neocellia 

A 

fuhgmosus Giles 

if 

yy 

A 

phihppinensis Ludlow 

Si 

yy 

A 

palhdus Theobald 

Si 

yy 

A 

maculatus Theobald 

Si 

yy 

A 

mlhnon James 

Si 

yy 

A 

theobaldt Giles 

if 

yy 

A 

)aincsit Theobald 

yy 

yy 

A 

maculipalpis var tndtensts Theobald 

Si 

yy 

A 

kanvan James 

yy 

yy 

A 

ramsayi Covell 

yy 

yy 

A pulcherrimiis Theobald 

Si 

Celha 

*Note — This number does not include the small teeth which 
seen on the inner aspect of the lateral flanges 

can sometimes be 
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« 

and shape of the lateral flanges Thfe species may be conveniently considered in 
two groups 

(a) Bucco-pharyngeal armature absent 

We have examined female specimens of one or more species belonging to 
the following genera and subgenera — McgarJnnus, Uranotaam, Harpagomyia, 
Rachwnotomyia, Hctzmamm, Mnadus, Anttigeres, Letcestena, Siegomym, 
Ptnlaya, Ochleiotaius, Bankstnclla, AcduiwrpJms, Aedcs, Skusea, Mansomotdcs, 
Coqmllcftidta, Theobaldw, Aedomyia, and Orthopod omyta In all the species 
examined the structure of the bucco-pharyngeal junction is very similar and 
there are no teeth on the postenor end of the ventral plate between the lateral 
flanges such as are present in our Classes B, C, D, and E of the Anophelines 
As will be seen by referring to the drawings reproduced on the accompanying 
plates the usual number of palatal papillae (Rate EXII, fig 14 pp ) is two pairs, 
but in Tacnwrhynchus (CoqwlletUdia) crasstpes (van der Wulp) (Fig 27),Theo- 
haldia nwettaenwta (Theo) (Plate LXIII, fig 28), T longmrcolaia (Macq), 
and Ochlerotaius casptus (Pallas), there are three pairs In Anmgeres and 
Leiccsterm the spines on the two pairs of palatal papillae are unsually long (Fig 
17) The number of large dorsal papillae (Plate LXII, fig 14 Idp ), which 
are of different structure from the usually more numerous smaller dorsal 
papillae (Plate LXII, fig 14 sdp ) seems to be invariably two on each side of 
the anterior hard palate (Plate LXII, fig 14 ahp ) The number of smaller 
dorsal papillae, each carrying a rather long hair, varies in the different genera, 
and, as shown in some of the drawings, the number is not always the same 
on the two sides of the buccal cavity This may be due, in some cases, to a slight 
diplacement of the dorsal wall curing dissection so that one or more of the papillae 
may be hidden in a fold at the side In Harpagomyia gcnurostris (Leic) 
(Plate LXVI, fig 40), in which the buccal cavity is very small and narrow, the 
smaller dorsal papillae appear to be absent, whilst in Uranotaema recondda Edw 
(Plate LXVI, fig 41) there is only one on each side, in addition to the usual 
two larger papillae In the species of the other genera examined they vary 
in number from two to six on either side of the antenor hard palate In 
Baiiksmclla hneaioppnms (Ludl ) (Plate LXII, fig 15) all the dorsal papillae 
are somewhat posteriorly placed, whilst in OrtJwpodomyia, of which we have 
examined three species, aiwpheloides (Giles), flavicosta Barraud, and flavithorav 
Barraud, one pair of the larger dorsal papillae is placed very far back (Plate 
LXII, fig 20), as in many species of Anopheles, so that the resemblance these 
mosquitoes bear to certain of the Anophelines is not altogether superficial 

The postenor hard palate (Plate LXII, fig 14 php ) does not show any 
remaikable modifications, posteriorly it is continued as thin chitin to the junction 
with the pharynx and this thin plate carnes, on the ventral surface (which 
iorms tlTe roof of the buccal cavity in this part), a number of hairs or minute 
spines These are well developed m Mnadns scataphagoides Theo (Plate 
LXII, fig 14 pe ) The area carrying these spines is homologous with the 
‘cobblestone area’ in Nyssorhynchns (Plate LXI, fig 11 cs), and with the 
‘ shagreened area ’ in Culcv referred to below The pigmented area on the 
posterior hard palate (Plate LXII, fig 14 pa ), which is usually well defined in 
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SiNToN and CovEld (1927) pointed out that there were certain striking 
points of difference as regards the morphology of the buccal cavity of the 
female among tiie various subgenera of the Anophehne mosquitoes 

The present paper is based on the results of a detailed study of examples 
of 86 species of Anophehne and of 48 species of Cuhcine mosquitoes Nothing 
was previously known regarding the differences m the structure of the buccal 
cavity in the latter, and our investigations have shown that, as in the case of the 
Anophelines, there are striking differences in certain groups 

The technique employed was tlie same as that used by Sinton and Covell, 
I e , the specimens were macerated in potash, stained with carbol fuchsin, and 
after dehydration dissected m Canada balsam 

For a detailed description of the anatomy of the parts of the alimentary 
canal under consideration the reader is referred to Smton and Covell’s paper 
The results of our investigations and the conclusions arrived at from them are 
set out below 


I ANOPHEEINE MOSQUITOES 

As the result of the examination of examples of 52 species of Anophelines 
Sinton and Covell found that as regards the morphology of the buccal cavity 
the subgenera Biranella and Anopheles were distinct from all the others in tliat 
the females possessed no bucco-pharyngeal armature, that the subgenus 
hyssorhynchns was markedly different from the other subgenera, and that'^With 
regard to the subgenus Myzomyia the group Neoinyzomyia differed so strikingly 
from the other members of the subgenus that, were the classification of the 

( 671 ) 
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we take to be a second row of very fine and minute teeth In C fuscoceplialus 
Tjheo , and C gelidus Theo , the teeth are considerably longer (Plate LXV, 
fig 37 but the greatest development of the armature in the subgenus Ctdet, as 
far as our observations go, occurs m C vialayi (Leic ), C tenmpalpis Barraud. 
and C tphis Barraud (Plate LXIV, figs 32 Plate LXVII, fig 47) In C 
nialaytr the teetli are long narrow and very numerous, whilst in C tenmpalpt^ 
they are very closely set and form a curved palisade It is interesting 

to note that, as regards the structure of the buccopharyngeal 

armature, C int^ayi and C tpJm are distinct from C khasam In 

all three species the palpi are equally short m both sexes, and in other respects, 
such as the structure of the male genitalia, they appear to be somewhat closely 
related The same remarks apply to C brevipalpjs and C tcnutpalpts, m which 
the palpi of the males are about one-half the length of the proboscis and the 
male genitalia show a general similarity of structure The two species are hoiv- 
ever, distinct m the structure of the bucco-pharyngeal armature of the females 

Of the subgenus Cnhciomyia we have examined females of vindtventer 
Giles, and palhdotJiorav Theo The armature in both these species is composed 
of two rows of small sharp teeth numbering from 40 to 50 in each row 
(Plate LXVI, figs 38 and 39) In the form of tlie shagreened area and in other 
details of the structure of the buccal cavity the species belonging to this subgenus 
resembles those of the fatigans group of Ctdex closely 

In Lophoceratomyia wnformts Theo , and L minor Leic , the teetli are 
remarkably developed and the shape and arrangement are noticeably different 
from those of any other group As will be seen from Plate LXVII, figs 48 
and 50 the line of ongin of the teeth forms a continuous curve with the convexity 
forwards, winch is not the case in any of our Groups of Anopheles or in Culcx 
The appearance of the shagreened area is shown in Plate LXVII, fig 49 It 
may be pointed out that the posterior part of the buccal cavity in Lophoceratomyia, 
amd in some the smaller species of Culex, m which tlie teeth are numerous, is 
comparatively large This will be realised by comparing Plate LXVII, figs 46, 
47, and 50, drawn to the same scale, showing this part of the buccal cavity in 
Lntsia vorax (a large Culex-hke mosquito) and in C malayt and Lophoceratomyia 
nmforims (both quite small species) 

Our investigations seem to show that, as in the case of the Anophehnes, a 
study of the structure of the buccal cavity in Culex will prove of assistance in 
placing species together m groups The present observations have necessarily 
been confined to a limited number of species but the subject appears to warrant 
further attention 

SUMMARY 

1 The results of the examination of the morphology of the buccal cavity 
of the female in 86 species of Anopheline, and of 48 species of Culicme mosquitoes 
are presented in detail 

2 As regards the Anophehnes the species may be arranged in five Classes 
The members of four of these Classes possess a bucco-pharyngeal armature, this 
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Name of species 
/I pscudopuuctipcvuis Tlicolialcl 
A auctaiis Wiedemann 
A hyreanus var lugonmu’; Giles 
A albolaciiialKs Tlicobald 
A iiioiifaiius Stanton and Hacker 
A separaius Leicester 
A with) osHS Theobald 
A novumbiosus Strickland 
A haibirostns A’an dcr Wulp 
A hancrofit Giles 
A grabhamn Theobald 
A unplcMis Theobald 
A vesfitipcnutK Dyar and Knah 
A pscudomacnUpcs Chagas 
A apiamacula Dyar and Knab 
A pimcUinacula Dyar and Knab 


Picscnt Classification 


Subgenns 

Anopheles 

M 
♦ f 
>) 

l> 

f} 

ft 

tf 

ft 

ft 

ft 

ff 

If 

Jf 


Group 

Anojdicles 

» 

ff 

ff 

ff 

tt 

ft 

>1 

ft 

tf 

ff 

CIinstNa 

\rribal?agia 

ff 

ff 

If 


CLASS B Plate LXI, figs 9 and 10) 

Bucco-pharyngcal armature of female consists of n single row of large 
separate pectenate teeth, S to 10, m lumibci, except A aurcosquanugcr and 
A watsom, which have 12 to 14 


Name of species 
A aurcosquanugcr Theobald 
A kingi Christophers 
A watsom Leicester 
A kocht Donitz 

leucosphyrus Donitz 
tessellatus Theobald 
punctulatus Donitz 

punchdafus var inoluccensis Swellengrebel 
and Swellengrebel 
A annuhpes Walker 

marstersi Skaise [annuhpes Walker) 
amtetus Edwards 
aunrostns Watson 
nth Theobald 

mibrostis Theobald of Edwards 1911 
(im/i Theobald) 


Present Classification 


Siibgenus 

Myzoniyia 


Group 

Nconi) zoin 3 ia 


A 

A 

A 

A 


A 

A 

A 

A 

A 


Ii'Iyzomyia 


CLASS C (Plate LXI, figs 11 to 13) 

Bucco-pharyngeal armature of female consistq nf 
marUdly recurved, so that the.r ends are directed forward 
no other group examined) Number of large teth 8 to^i “A ” 
palate very highly ch.tinised, giving a 'cobblestone’ appearance 



Explanation oif Plats EX 

Fig 1 Anopheles pharoensis (Class E) Dorsal view of the posterior end of 
buccal cavity of female 

„ 2, A pulchernmns (Class D) Dorsal view of the postenor end of 
buccal cavity of female 

„ 3 A ramsayi (Class D) Dorsal view of the posterior end of buccal 
cavity of female 

„ A ^ A ramsayi (Class D) Dorsal view of teeth on a larger scale 
(flattened preparation) 

„ 5 A implexns (Class A) Dorsal view of the posterior end of buccal 

cavity of female 

Lettenng — 

php Posterior hard palate 
pa Pigmented area 
vp Ventral papillae 

If Lateral flange 
t Bucco-pharyngeal armature 
c ‘ Cone ’ 
r ‘ Rod ’ 

bpr Bucco-pharyngeal ridges 
Figs 1, 2, 3, and 5, drawn to the scale shown under Fig 2 
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Snbgciins 
IMy/oni) la 


Group 
Psciulonn/omyia 


A 

A 

A 

A 

A 

A 


ft 


CLASS E (Plate LX, figs 1, Plate LXT, fig 6, and 7) 
T%T26i TtaraZ'r»^>s winch 

multiple hairs I.ateral flanges cotnparalivcly large 

‘ Present Classification 

r 

Name of species 
A suhpicfiis Grassi 
vagus Donitz 
furflowii Theobald 

ludloivu \av ’uindoKa Rodcnwaldt 
pai angciists Ludlow 
ganihtae Giles (' cor/ah ^0 
finkhndi Liston 
A flaviccps Edwards 
A inuUtcoIoj Cambouliu 
A nnercus Theobald 
A chnstyi Newstead and Carter 
A pharoensis Theobald 
A squamosus Theobald 


Mjzonn la 


Ncomwomjia 

Ccllia 


It will be endent from the examination of the results detailed above that 
in the majority of cases where two species of Anopbcline arc alike, the structure 
of the buccal caAuty m the female is also a cry similar In certain instances, 
however, it has been found that species which had fortncrlj' been thought to he 
very closely allied differ markedly in this respect 

Thus A superptcUis (Plate LXI. fig 8) and A tratt<^’aaJrusis arc in Class 
D, whilst A inultKolgf (Plate LXI, figs 6 and 7), A iuiKhudi, A flaxnccp<:,^ 
and A etnereus are in Class E Again A pulclin nmus (Plate LX, fig 2) is 
m Class D, whereas the other two species of CcIIia examined A pharoonn 
('HatejLX, fig 1) and A squmwsus <irc m Class E A luh (Plate LXI, 
fig 9), which was formerly placed m Group My^ojiiyia, falls into Class B, 
whilst A chnstyi, which was placed provisionally among the Ncomy::om\ias, 
has been shown to belong to Class E 

It is evident that the examination of the buccal cavity may be of great 
importance in determining the position of a given species, especially m cases 
where only female specimens are available 


il CULICINE MOSQUITOES 

As regards the Cuhemes, of the genera so far examined by us only Lutcia 
and Culex, including the subgenera Culmomyia and Lophoceiatoviym, possess a 
bucco-pharyngeal armature in the female In the other genera, m which the 
rirature is absent, the structure of the buccal cavity is similar to the species 
a ing within our Class A of Anopheles, except in certain details of number 
and arrangement nf the palatal and dorsal papdlae, and tn the comparahve s'e 



Explanation op Plats LXI 

Fig 6 Anopheles multicolor (Class E) Dorsal view of the posterior end of 
the buccal cavity of female 

„ 7 Anopheles multicolor (Class E) Dorsal view of a few teeth on a 
larger scale 

„ 8 A supeipKtus (Class D) Dorsal view of the posterior end of the 
buccal cavity of female 

„ 9 A iiilt (Class B) Dorsal view of the postenor end of the buccal 
cavity of female 

„ 10 A kochi (Class B) A few of tbe teeth (flattened preparation) 

„ 11 A albimanns (Class C) Dorsal view of the posterior end of the 

buccal cavity of female 

„ 12 A tarsimaculatiis (Class C) Posterior portion of ventral plate of 
buccal cavity of female The lateral flanges have been removed, 
and three of the large teeth broken off 

„ 13 A albimanus (Class C) Lateral view of the postenor part of the 

buccal cavity and commencement of pharynx of female (lateral 
flanges not shown The same specimen from which Fig 11 was 
drawn) 

Lettering — 

php Posterior hard palate 
pa Pigmented area 
vp Ventral papillae 

If Lateral flange 
t Bitcco-pharyngeal armature 
c ‘ Cone ’ 
r ' Rod ’ 
ph Pharynx 
cs ‘ Cobblestone area ’ 
be Buccal cavity 

Figs 6, 8, 9, and 11 drawn to the scale shown under Fig 6 
„ 7, 10, and 12 drawn to the scale shown under Fig 7 
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P J Baiiond ond Q, GovelL 

tUe\^nous groups of the Aiiophclincs, is not always well maikcd in the species 
under discussion The number of ventral papillrc (Plate T^XTT, fig 14 yp ) 
seems to be always two pairs situated near the postcrioi end of the ventral plate 
(h) Bucco-pbaryngeal armature present 

Tins group includes onl)^ the genera Luictn and Culcx, with the subgencra 
Cultciouiyia and Lophocaafomvm 

The teeth forming the armature in the buccal caiity of the females of Lnlzia, 
of many species of Culcx, and of Cuhnowyw, arc smaller and arise m a different 
position from those present in our Groups B, C, D, and of the Aiinplielnics 
(compare Plate LXII. figs 6, 8, 9 and 11 with Plate LXV, figs 34. (Plate LXV., 
fig 39, Plate LXVII, fig 4t5) In some spqcics of Culcx and m the subgenus 
Lopliocciaiomyia, the teeth arc longci and verj muncious, and miinbcr in some 
species more than SO (Plate LXIV. figs^32, Plate T/X\^]l, figs 4/, and 50) 
As 111 tlie Anoplielines no teeth arc present in the buccal caMl\ of the males (com- 
pare Plate BXVI, figs 42 and 43) 

Fig 29 shows a lateral view of the buccal cavity and part of the phar}!!^ 
of the female of Culcx tcmiipalpis Barraud, and Fig 30 shows a dorsal mcw’ 
of the buccal cavity of the same species on the same scale, but soiiiewbal flat- 
tened and with the clypeus removed These two drawings arc gn cii as a guide 
to the morphology of the various parts referred to in the following notes 

The shape of the anterior bard palate, and the arrangcinent and number 
of the palatal, dorsal, and ventral papillrc, arc \cry similar to those occurring 
in the species mentioned luider group (a), and call for no special comment, 
except that in Cufzta (Plate LXVII, fig 45) the four palatal papilla; arc placed 
closed together as is the case m most species of the Aiiophclincs 

In all the species examined the posterior hard palate carries on the dorsal 
surface a minute prominence, the dorsal .apodenic (Plate LXIV, fig 29 da ), 
which appears to be connected ivitli the pigmented area (Plate LXV, fig 35 pa ) 
'P(Osteno to this the dorsal plate becomes thinner, but is covered on the ventral 
surface with a large number of small processes gixing It a shagreened appearance, 
whicli we have tailed the ‘ shagreened area ’ (Plate LXV, fig 35 sa ) , in the 
middle line these processes are usually more pronounced and form a tonguc-lfke 
projection (Plate LXV, fig 35) This area forms the roof of the buccal cavity 
and seen from above it lies immediately dorsal to the teeth so that unless it is 
removed the latter cannot be clearly seen For this reason the posterior hard 
palate and the pigmented area are not showm m many of the figures, as the dorsal 
plate had to be removed to expose the teeth 

r fxiscana (Wied), L vorax Edw , and a number of species of 

II r iTCluding bifaeiitoro/iyjic/iHj Giles, faiigaus Wied , Upuhfoiuus Tlieo , 

snmrnf pipicus'h , the teeth are comparatively short and blunt In 

thin ^ preparations the tips of the teeth appear to be 

Ain^nd spoon-shaped We have endeavoured to indicate this in Plate LXII. 

Edw'^ Noe, C ircvtpalpxs (G.Ies), and C kh„,nm 

teett;ppr,„\e™,r„ Sro»p, tat the 

ore pointed, and m some of our preparations there is what 



Explanation op Platp LXII 

Muctdus scataphagoides Dorsal view of buccal cavity of female 
Bankstnella hneatopennts „ 

Heismannta himalayana „ 

Armtgeres obturbans „ 

Stegomyia alboptcta „ 

Anopheles bifurcatns (Class A) „ 

Orthopodomyia flavicosta „ 

Anopheles cuhcifactes (Class D) The same of the male 

Lettering — • 

ahp Anterior hard palate 
pp Palatal papillae 
Idp Larger dorsal papillae 
sdp Smaller dorsal papillae 
clt Torn edge of clypeus 
php Posterior hard palate 
pa Pigmented area 

pe Posterior thin extension of postenor hard palate carrying 
minute spines or hairs on the ventral surface 
vp Ventral papillae 
If Lateral flange 

All the Figs are drawn to the scale shown under Fig 15 


Fig 14 
„ 15 
„ 16 
» 17 
„ 18 
19 

„ 20 
21 
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feature being absent in the remaining one Tlie clilTfercnces in the structure of 
the buccal cavity m the five Classes arc so market! that it lias been found possible 
at a glance to place any species examined m the Class to winch it belongs In 
certain cases it has been shown that species winch have been thought to be very 
closely allied diflcr remarkably as regards the mor])liology of the buccal cavity 

3 As regards 'the Culicmcs, of the genera examined, only Lulcm and 
Culci, including the subgcncra Cuhcwmyia and Lophoccraiomyia possess a 
bucco-pharyngeal armature The stnicturc of tins differs very markedly in 
different groups As in the case of the Anoplielincs it has been shown that certain 
species which m other respects appear to be allied differ strikingly as regards 
the morpholog)' of the buccal cavity 

4 It is concluded that although the study of the morphology of the buccal 
cavity of mosquitoes is generally of little help m the differentiation of closely 
allied species, yet it is of great value in indicating the group to which a given 
speaes belongs and may prove of importance in cases where only the female of 
a species is available for examination 

REFERENCE 

SiNToN, J A and CovEci,, G (1927) TIic Relation of the kforpliolofo of the Buccal 

Cavity to the Classification of Anopliclinc Mos- 
quitoes hid Jour Med Rc<; , XV, 2, pp 301— 30S 



Expi^anation of Plate LXIII 

Fig 22 Mcgarhtnus splendens Dorsal view of the buccal cavity of female 
„ 23 Skusea microptera „ 

„ 24 Aedimorphus vexans „ 

„ 25 Aedomyia venushpes „ 

„ 26 Mansoniotdes uniformts „ 

„ 27 Taemorhynchus (Coqutllcthdta) crasstpes „ 

„ 28 Tlieohaldia mvettaeniata „ 

Lettering — 

ahp Anterior hard palate 
pp Palatal papillae 
Idp Larger dorsal papillae 
sdp Smaller dorsal papillae 

clt Torn edge of clypeus 

php Posterior hard palate 
pa Pigmented area 

pe Thin extension of posterior hard palate 
vp Ventral papillae 
If Lateral flange 

All the figures are drawn to the scale shown under Fig 28 




Explanation o? Platl EXIV 

Fig 29 Culex temnpalpts Lateral view of the buccal cavity and part of the 
pharynx of the female 

„ 30 Culei fenuipalpis Dorsal view of the buccal cavity (postenor part 
of dorsal plate indicated in outlme only) 

„ 31 Culex ieniiipalpts Dorsal view of the postenor hard palate and 

shagreened area, which he over tlie teeth shown in Fig 32 
„ 32 Ciile\ tenmpalpts Dorsal view of the postenor end of the ventral 
plate showing the teeth 
Lettering — 

bp Commencement of the biting mouth parts 
sp Salivary pump 
dp Dorsal papillae 
be Buccal cavity 
php Postenor hard palate 
vp Ventral papillae 

t Teeth forming bucco-pharyngeal armature 
bpj Bucco-pharyngeal junction 
ph Pharynx 
sa Shagreened area 
If Lateral flange 
da Dorsal apodeme 
ahp Anterior hard palate 
cl Clypeus 

clt Torn edge of clypeus 
Figs 29 and 30 drawn to the scale shown over Fig 29 
„ 31 and 32 draivn to the scale shown under Fig 31 




Ex PI, A NATION 01 ? Plate LXV 

Fig 33 Culex hitaeniorhyncluis Dorsal view of the buccal cavity of female 

(posterior hard palate and shagreened area not shown) 

„ 34 Cidex bitaemorhynchus Dorsal view of the posterior end of the 

ventral plate showing teeth 

„ 35 Culex bttaentorhynchus Dorsal view of the posterior hard palate and 

shagreened area 

„ 36 Culex fuscocephalus Dorsal view of the posterior end of dorsal 

plate of buccal cavity of female 

„ 37 Culex fuscocephalus Dorsal view of the posterior end of ventral 

plate of buccal cavity (dorsal plate seen in Fig 36 removed) 

Lettering — 

ahp Antenor hard palate 
pp Palatal papillae 
Idp Larger dorsal papillae 
sdp Smaller dorsal papillae 
clt Torn edge of clypeus 
vp Ventral papillae 

t Teeth forming bucco-pharyngeal armature 
If Lateral flange 
sa Shagreened area of dorsal plate 
da Dorsal apodeme 
php Posterior hard palate 
pa Pigmented area 

Fig 33 drawn to the scale shown at the side, Figs 34 to 37 to scale shown 
under Fig 36 






Explanation op Plate LXVI 

Fig 38 Culictomyta palhdothorax Dorsal view of buccal cavity of female 
(postenor part of dorsal plate not shown) 

„ 39 Culwomyia vindw, enter Dorsal view of postenor part of ventral 

plate of buccal cavity of female 

„ 40 Harpagomyta genurostns Dorsal view of buccal cavity of female 

„ 41 Uranotaema recondita Dorsal view of buccal cavity of female 

„ 42 Culex fahgans The same of the male 

„ 43 Culex fattgans The same of the female (postenor part of the dorsal 

plate not shown) 

„ 44 Raclnonotoniyia aranotdes Dorsal view of buccal cavity of female 
Eettenng — • 

ahp Antenor hard palate 
pp Palatal papillae 
Idp Larger dorsal papillae 
sdp Smaller dorsal papillae 
clt Torn edge of clypeus 
vp Ventral papillae 
If Lateral flange 

t Teeth forming bucco-pharyngeal armature 
Figs 38 and 40 to 44 drawn to the scale shown under Fig 38 




Explanation oP Plate LXVII 

Lutsm fuscana Dorsal view of buccal cavity of female (posterior 
part of dorsal plate not shown) 

Lutzia voroA Dorsal view of posterior end of ventral plate of 

buccal cavity of female, showing teeth 
Culcx malayi Dorsal view of posterior end of ventral plate of 

buccal cavity of female, showing teeth 
Lophocerafoinyia wnfornns Dorsal view of buccal cavity of female 
(posterior part of dorsal plate not shown) 

Lophoccratomyia umforims Dorsal view of posterior part of dorsal 
plate of buccal cavity of female 

Lophoccratomyia umforims Dorsal view of posterior part of ventral 
plate of buccal cavity of female 

Lettering — ■ 

ahp Anterior hard palate 
pp Palatal papillae 
Idp Larger dorsal papillae 
sdp Smaller dorsal papillae 
clt Torn edge of clypeus 
vp Ventral papillae 

t Teeth forming bucco-pharyngeal armature 
If Lateral flange 

Figs 45, 48, and 49 drawn to the scale shown under Fig 48 
„ 46, 47, and 50 drawn to the scale shown under Fig 50 
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Apropos of Studies in Syphilis in Rahhits. 


The natural vaallations are apparent 

Only recently Landsteiner (1927) has drawn attention to ‘the frequent occur- 
rence of positive reacting sera in stock rabbits ’ Uchida (1927) quoting Kolmer 
and Trist has mentioned that ‘ heating the serums of normal rabbits, dogs and 
mules at 55°C for 15 to 30 imnutes greatly increases their property of yielding 
non-specific complement fixation reactions with various antigens of tissue extract, 
bactena, ^tc ’ 

' In vie\v of the paucity of detail) as to the precautions and controls m the 
work on experimental syphilis, the changes tn qualify and quantity of the natural 
reactions with mere passage of time, and the increasing popularity of the floccula- 
tion tests for detecting Syphilis the writer thinks that the observations would stand 
repetition, hence the communication 
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ordinary technique of Wassermann reaction (probably, ordinary as opposed to 
Kolmer’s technique-writer) Our actual results with Kalin test in leprosy 
though yet few, are proving satisfactory ’ (Lloyd, Muir and Mitra, 1927) , 
again that leprous serums deviate the complement with a syphilitic antigen 
almost as well as syphilitic serums The Kolmer modification and Kahn preci- 
pitation test seem more advantageous as, according to some workers, they are 
absolutely negative in leprosy (Gomes as abstracted by a ‘ regular correspon- 
dent ’ of /o«r A M A , 1927) , again that ‘ the authors, therefore, conclude 
that the Kahn precipitation test is negative in uncomplicated cases of leprosy, 
even when lepra reaction is present, and so is preferable to the Wassermann test 
in detection of treponematous infection in lepers’ (Pineda, E V and Pineda, 
K R as abstracted in the Trop Dis Bull, and in the Ind Med Gazette, 1927) , 
and again that ‘ the Kahn reaction has been found on investigation, along- 
side the Wassermann reaction to be exceedingly suitable for testing the presence ^ 
of syphilis in leprosy ’ (Report of the Governing Body of the Indian Research 
Fund Association for the year 1925-26) 

In the beginning of 1927, at Kasauli, the writer started employing Kahn 
test, alongside Wassermann reaction, in the routine for detection of syphilis and 
m specially selected cases The following two tables are of interest — 

Tabi,:^ I 
112 Lepers^ 

Wassermann. ' Kahn. 

Positive. Doubtful. Negative. 

Positive 37 21 6 10 

Doubtful 9 4 1 4 

Negative 66 0 6 60 

112 

The number represents the total population of Sabathu Leper Asylum 
(Simla Hills) between 13th August, 1927 and 1st September, 1927 No attempt 
at classification, with regard to type and duration, has been made No untainted 
children have been included Previous anti-syphilitic treatment has been excluded 


Microkahn 

Positive Doubtful. Negative, 
23 4 10 

3 1 5 

0 8 58 


Table II 


Wassermann. 

Positive 38 

Doubtful 5 

Negative 69 


112 Syphilitic Suspects 


Kahn. 

Positive. Doubtful Negative. 
Not done. 

At Kasauli serum is usually 
received in small quantities. 


Microkahn 

Positne Doubtful. Negative. 
19 2 17 

1 0 4 

3 4 62 


112 

fPositive •= +-1-+, -b-b, + 
Wassermann -{ Doubtful = -f 
1 Negative = — 


( Positive = ++'f +, +-b+» + + 
Doubtful ■= -b. ± 

Negative = — 


* Asbfollowed by Kahn (1925), p 168, in comparing his results with Wassermann The 
system followed by the Medical Department of U S Navy is different It gives more 
details 
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APROPOS OF STUDIES IN SYPHILIS IN RABBITS 
RABBITS NATURALLY POSITIVE TO WASSERMANN AND KAHN 


BY 

Captain S D S GREVAL, b sc , m n , cli n , n r n , i m s , 
Supermnucrmy Officer, Central Research InKltlute, Kasauh 

[Received for publication, August 25, 1927] 


Fm normal rabbits were marked and isolated The folloump table mves 
the reaction of their sera 


Rabbite 


No 1 
No 2 
No 3 
No 4 
No 6 


27th Apnl, 1927 

4th May, 1927 

10th May, 1027 

41h JiiU, 1927 

fl<h AutruRt, 
1027 
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2 An extra t, u was followed 

a V++!-e^cS? was introduced A reaction m t 

7or' i^reaLn T 

T Kahn A one-tnh^ m , * reaction 


tKalin Torrbe ± 

and 1926) The quantities uTed we7-^ recommended by its author (1 

Antigen dilution 
Serum 
Saline 


™ “--'■'1 l-y Dr Kahn h.„sdi 

( 186 


01 C.C, 
1 

2 


tt 

t) 


688 - Methods of Detet mining the Iodine Values of Oils 

were obtained by both method'; It would appear, however, that strictly coni- 
parable conditions were not observed by these workers in the study of the two 
methods We have found that variations in different factors, viz , temperature, 
concentration of the respective reagents, and the time of contact, affect in an 
appreaable degree the respective values obtained by the two methods 

To verify Munson and Tolman’s results we made the conditions stnctly uni- 
form m both cases A stock solution of iodine was used in glacial acetic acid of 
exactly decinormal strength From tins was prepared Hanus’ solution by adding 
bromine, and Wijs’ by passing dry chlonne gas through it until the thiosulphate 
titre of the onginal solution was exactly doubled in both instances The concen- 
tration of both solutions was thus equal Strictly comparable conditions were 
observed throughout in the matter of bottles, quality of oil, carbon tetrachloride, 
time, temperature, and titration with sodium thiosulpliate The following are the 
results — 


Table; I 

Comparative values for iodine number by Wtjs’ and Hanus’ method 


Names of Glycerides 

Wijs’ method 

Hanus’ method 

1 Mustard oil 

1002 

100 0 

2 Ghee 

36 4 

36 8 

3 Ghee 

1 

3r97 

32 4 

A Ghee 

36 56 

37 0 

5, Ghee 

33'9 

34'0 

6, Mustard oil 

107 5 

107‘2 

7, Mustard oil 

96'6 

95*5 

8. Mustard oil 

97‘5 

97'8 

9. Linseed oil 

1767 

175*3 

10 Cocoanut oil 

9'2 

815 

11, Ground-nut oil 

93 8 

93*4 

12 Sesame oil 

108 5 

108*1 


From these results we note that, in nearly all, identical values are obtained by 
both the methods, any divergency between the two values being within the limits 
of experimental error The differences in the values, however, in the case of 
numbers 7, 9, and 10 are outside experimental error In these the Wijs’ A'aliie 
is dishnctly higher than the Hanus’ In No 7 for instance, if we apply die legal 
standards strictly the sample would pass by Wijs’ method and fail' by Hanus’ 
The sample as a matter of fact was found to be adulterated with sesame oil 






KAHN,* MICEOKAHN t AND WASSEEMANN t IN LBPBOSY 


BY 
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Officiating Director, Pasteur Institute, Shillong. 

[Received for publication, October 1, 1927 ] 


It has been recently reported that ‘ we have to recognise the possibility that 
ordinary accurate Wassermann technique which has been quantitatively adjusted 
to detect syphihs, may show in leprosy, in addition to a large number of positives 
which are undoubtedly due to syphihs, a certain number of positives which are 
not so due, and which result from the fact that the technical process employed 
may not be sufficiently attuned to the special case of leprosy We term this the 
experimental factor While we are strengthened then in tlie con- 

clusion formerly reached that every case of leprosy before being gpven antileprotic 
treatment should be serologically examined for the presence of syphihs, for the 
present we are inclined to recommend Kahn test for the purpose rather than the 


* As detailed by its author in his book (1925) 

The same method is recommended in the ‘ Technique of Kahn test for Syphilis employed 
in the Medical Department, U S Navy/ a document received from Dr Kahn on 24th April, 
1927 


The antigen was kindly supplied by Dr Kahn himself The titre was stated on the bottle 
This antigen is now known to keep its potency almost indefinitely [Correspondence, / A 
M A (1927) , Kendrick and Jenks (1926)] 

tAs recommended by its author, in his book (1925) p 147, and m a later communica- 
tion (1926) a one-tube test was done The quantities used were — 

Antigen dilution 01 ca 

Serum 1 c.c 

Salme 2 ca 

$ Method rV of the (British) Medical Research Committee Report with the followmir 
difference — 


' ( 1 ) 
( 2 ) 
(3) 


A ^11 volume procedure was followed, using quiIl tubes, stirring rods and 
Wnght’s pipettes 


A positive reaction 


An extra tube with 8 M H D of complement was put up 
in this tube was termed a reaction 

An e^ra serum control with M H D of complement was put up This 
ontrol guarded against a reading of false positive resulting from an anti 

00 °^“”^ i and 2 M H D of the 


( 683 ' 




690 Methods of Determining the Iodine Values of Oils 

iodine, and to pass washed and dried chlorine gas until the titration number of 
the original solution is doubled ’ Later he qualifies tins by saying ' It is prefer- 
able to have a slight excess of iodine, an excess of chlorine is to be avoided as 
some substitution is liable to occur’ Similarly to prepare Hanus’ (1901) 
solution it is stated ‘ Dissolve 13 2 gms of pure iodine in 1 litre of glacial acetic 
acid and to the cold solution add 3 c c of bromine or sufficient practically to double 
the halogen content hut with the todme slightly m excess’ Here, however, no 
reason is ascnbed for the ‘ slight excess of lodme ’ as in Wijs’ solution 

jXo the analyst this ‘ slight excess of iodine ’ should be well defined and 
definite, as it is not evident what the effect would be on the iodine values if 
iodine IS or is not added in excess, either of which may happen To eluadate this 
we prepared two lots of five solutions, one set according to Wijs’ and the other 
to Hanus’ In each set two solutions were made of higher strength and two of 
lower strength than double the titration number of the original decinormal iodine 
solution in glacial acetic acid by adding excess or less of chlorine or bromine 
according as required Pure ground-nut oil was selected for study Nearly 
the same amount of oil was taken in each case The reaction time allowed was 
2^ hours at room temperature The results are shown below From these 
results graphs were constructed on the same scale showing the variations of 
the iodine values in each case with the variation in the strength of the blank 
solution 


Tabp^ III 

Iodine values of ground-nut oil from the Hanus’ solutions of varied strengths 

(a) 


Weight of oil 
in grammes 

Blank in c c of 
thiosulphate 

No of c c of thio 
sulph te for the 
surplus iodine. 

Iodine 

value 

'2160 

53 25 

38 55 

88 0 

'2180 

43 20 

28 05 

90 0 

2026 

40 35 

26'10 

90 9 

•2122 

33’90 

19‘45 

882 

2216 

31 10 

16 60 

847 


(&) 

Iodine values of ground-nut oil from the Wijs’ solutions df varied strengths 


2183 

5710 

38 75 

I 1073 

2189 

45 25 

29 25 

93 3 

•2133 

40 00 

24 95 

90 5 

2178 

34*45 

19 40 

88'2 

2188 

29 45 

14 45 

1 

87 4 
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Cases have been taken serially from the daily record book They represent 
the type of cases in whom syphilis has been suspected clinically 

The tables are more or less alike The following conclusions emerge — 

1 The Wassermann positive rate of the lepers compares so well with the 
Wassermann positive rate of the syphilitic suspects that one could include the 
lepers in the syphilitic suspects 

2 A one-tube Mictok-ahn is a good representative of the full-size Kahn 

3 Kahn has reduced the positne rate in both the series The reduction, 
which IS actually less in the case of the lepers, does not appear to depend on tlie 
elimination of a ‘ lepra reaction ’ 

4 If tlie above assumption i^ correct, with Kahn there is a risk of missing 
some syphilitic cases in leprosy This risk, along with a risk of an opposite 
nature (which the writer does not consider so important), in general work, has 
been recognised as an ‘ error of basing serum diagnosis of syphilis on the Kahn 
reaction alone’ (Greenbaum 1926, 1927) 

The writer is aware of a point of difference in his work In making a 
companson lepers have generally been compared with apparently healthy latent 
cases of syphilis witli a Wassermann positive rate varying between 22 per cent 
(Iyengar, 1919) and 15 — 20 per cent (Lloyd, Muir and Mitra, 1927) The wnter 
has compared them with syphilitic suspects The Wassermann positive rate m 
leprosy, as given by different workers or even tlie same workers at different times, 
has differed considerably and does not call for remarks 

The assumption that the series in Table II was composed of syphilitic 
suspects IS based on the clinical notes accompanying the hospital specimens 
These speamens were tested free The hospitals concerned, however, did not 
practise testing of blood as a routine m every case In non-hospital cases a fee 
of Rs 32 charged Vas a sufficient guarantee of the fact that the tests were not 
done as a part of a general annual overhaul Most of these cases too were 
accompanied by climcal notes 


SUMMARY 


1 

syphilis 

identical 


In. comparing 112 lepers with an equal number of non-lepers in whom 
was suspected (syphilitic suspects), Wassermann figures were almost 


The reduction was 


2 Kahn reduced the positne rate in bolh the series 
less in the case of the lepers 

3 There was no enfflence to show that the lower positive rate with Kahn 
was due to an ehmination of the ' lepra reaction ' 


Kahn, R. N (1925) 

Correspondence 
Kendrick and Jenks (1926) 


REFERENCES 


Serum Diagnosis of Syphilis by 
Baltimore, Williams & Wilkins Co 
Jour Amer Med Assoc , May, 1927, 
Jour Lab and Clin Med, January ’ 


Precipitation 
P 1663 


692 


Blethods of Deteimimng the Iodine Values of Oils 


bongs m an element of doubt In case of both Wijs’ and Hanus’ it would likely 
give a lower value than the ‘ standard value ’ otherwise obtained The higher 
value obtained in case of the Wijs’ when its titre exceeds the ‘standard stage’ 
is due to the formation of ICI3 whose halogens are in a labile condition and able 
to produce substitution as well as addition m the glyceride molecule But in the 
case of Hanus’ no substitution takes place at all, as then the full amount of 
halogen necessary for saturation of the unsaturated linkages is not available oiving 
to tlie formation of IBr^ and other derivatives whose halogens are m stable com- 
bination The lower value obtained with both solutions when the titre of the 
final solution is less than that at the ‘ standard stage ’ is, of course, due to the 
smaller amount of iodine monochlonde or monobromide being formed than is 
necessary for full saturation of the glycerides , 

Method of preparaHon of ‘ standard ’ Wtjs’ Solution — Hanus’ solution is 
very convenient to prepare, a^ it requires only the addition of 2 9 c c of pure 
bromine to a litre of N|10 iodine solution Wijs’, however, is more difficult as 
it requires an apparatus for the generation of dry chlonne gas and also occa- 
sional pipetting of the pungent solution for titration with thiosulphate solution 
so as to enable the analyst to see when the ‘ standard stage ’ is just reached 
The process is thus not only tedious and irksome but involves the loss of some 
original solution Lewkowitsch says ‘ a little experience will readily show when 
this point IS reached, as a very distinct change of colour takes place when all 
the iodine has been converted in iodine monochlonde ’ This change of colour 
though noticeable at this stage is rather difficult to spot unless ffie analyst 
has had some considerable experience of the colour required By repeated tnals 
we find that an aqueous solution of 1 6 per cent of potash bichromate possesses 
the same tint as the ‘ standard ’ Wijs’ solution, when viewed through transmitted 
light in two narrow test tubes or preferably cylinders of uniform size (as in the 
colonmetric deterrmnation of pH) The bichromate solution will keep its tint 
indefinitely if kept in an amber-coloured bottle In preparing the solution the 
analyst has only to pour out the solution, while the chlorine is passing through it, 
into a narrow cylinder and compare its tint with the standard tint in a similar 
cylinder The darker tint means that more chlonne is required and the lighter 
tint means more chlorine has been passed than is necessary In the latter 
case this can be rectified by adding more of the original N|10 iodine solution until 
the ‘ standard ’ tint is reached This metliod is simple and saves much trouble in 
pipetting and titration, and is more certain 

The effect of Hma on the iodine values — ^Leach (1920) says that only half 
an hour is required for full saturation of oil with iodine from Hanus’ solution 
With Wijs’ solution also it is stated that semi-drying oils, e g , mustard oil, 
poppyseed oil, etc , require the same length of time Tolman and Munson 
however recommend for the Hanus’ solution one hour’s standing in all cases 
espeaally with oils having iodine values as high as 100 In view of these state- 
ments It was desirable to study the two methods so far as the time effect ivas 
concerned Mustard oil was taken as it is the only edible oil whose iodine value 
is included in the standards of the Bengal Food Adulteration Act In view also 
of economy of time it is important that the analyst should know the minimum 
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This iodine value is an invaluable guide to the detection of sophistication-in 
edible oils and fats In the case of mustard oil it has been adopted as one of the 
legal standards by the Bengal Food Adulteration Act which lays down limits of 
96 to 108 Although several new methods have within the last few years been 
described, none of them possess any advantages over Wijs’ and Hanus’ methods 
These methods have of late replaced altogether the pioneer method of Hubl on 
account of the stability of their reagents, tlie comparative ease with which the re- 
agents can be prepared and the smaller interval of time required by them for the 
saturation by lodme of the glycerides Wijs’ method is generally employed in 
Europe whereas Hanus’ is the official method of the Association of Agricultural 
Chemists m America It is therefore important from the legal point of view ffiat 
the values obtained by the two methods should if possible agree 


The most recent comparative study of the different methods was made m 1923 
by S Schmidt Nielson who pronounces Hubl’s to be the best method He 
deprecates the use of Wijs’ method as giving inaccurate results when there is any 
^cess of chlonne present in the solution He also recommends the Hanus’ method 
or industrial use as it is rapid and gives consistent results Eewkowitsch on 

r?”?' *an Hanus’ 

meffiod which he descnbes as a ‘ superfluous addition ’ to the well tried orore^<; 

of Wys’ In 1903 Munson and Tohnan found that pracl.caU;7de^,talSI. 
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real iodine value is not reached before an hour and a half when it is attained 
quite suddenly In case of Wiis’ solution tlie real value is attained within an 
hour, and the absorption is gradual and within fifteen minutes the value approaches 
the constant value (Therefore if time is a consideration, the Wijs’ is to be pre- 
ferred to Hanus’ especially when other values in addition to iodine value are to 
be determined with a view to detect adulteration 

Summary and conclusions — Wijs’ and Hanus’ methods of finding iodine 
value have been studied from three aspects, viz, (1) temperature, (2) concen- 
tration, (3) time Under many conditions both methods give practically the same 
value, but there are a few instances where Wijs’ method gives slightly higher 
figures This is due to substitution taking place in the glyceride molecule be- 
sides addition This can, however, be avoided by performing the Wijs’ deter- 
mination at the ice room temperature when its value coincides with that of Hanus’ 
at room temperature In order to reconcile the values obtained by the two 
methods both the solutions should be prepared at the ‘ standard stage,’ i e , when 
the final thiosulphate titre on passing chlorine or adding bromine is exactly 
double the titre of the onginal N|10 iodine solution An easy method of pre- 
paring Wijs’ solutions IS described If economy of time is a consideration, Wqs’ 
method is to be preferred to Hanus’ But considering everything, Hanus’ method 
should be chosen on account of the comparative ease with which the solution 
can be prepared and on account of the fact that there is no chance of its giving 
higher values in any case owing to substitution as in the case of the Wijs’ 

Our thanks are due to Mr Dulal Oh De, b sc , for having made duplicate 
determination of the values in the Tables HI and IV 
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The higher values obtained in these instances by Wijs’ method are due to substitu- 
tion as well as addition taking place in the glyceride molecules on account of 
the greater reactivity of iodine monochloride compared with iodine monobromide 
The next experiment shows how this substitution can be avoided by altering the 
experimental condition 

Effect of temperahne on toihnc values— In the literature on the subject, the 
effect of temperature on iodine values is rather ignored and also its effect on the 
comparative value of the two methods Lcwkowilsch iccommcnds a highci 
temperature tlian 15°C with Wijs’ solution, which freezes at this temperature 
We, however, experienced no difficulty in working with this solution when 
kept at'2°C m the ice room No freezing took place in the mixture of carbon 
tetrachloride and glyceride Fryer and Weston (1920) also recommend 20°C as 
the working temperature of this solution but without assigning any reason 

Apparently both Wijs and Hanus neglected the condition of temperature 
and the general procedure everywhere is to work at room temperatures which, 
however, must vary widely By determining the iodine values at widely differing 
temperatures, le, Calcutta room temperature and 2°C, any effect due to 
the difference of temperatures is magnified \Vc took for this purpose 
die three samples Nos 10, 9, and 7 (vide Table I), whose iodine values from 
tlie Wijs’ were found to be distinctly higher than those from the Hanus’ In 
this expenment we made the conditions strictly comparable by adopting tlie 
procedure mentioned above (temperature being cxcciited) 'J'hc iodine values 
found from both the methods were distinctly less at the ice room temperature 
It is interesting to note that the iodine value from Hanus’ solution at room 
temperature approximates to that from Wijs’ solution at ice room temperature 
The results are as follows — 

Time given IJ hours in each case 


TablP II 


Name of glycerides 

Hanus’ 
iodine value 

Wijs’ 

iodine value 

@2“C. 

1 

@ 33“C 

@ 2“C. 

@ S3*C. 

Linseed oil 

17?‘4 

1791 

178-3 

180 3 

Cocoanut oil 

78 

79 

8 05 

8*4 

Mustard oil 

94 8 

95 8 

95 7 

96 3 


The descriptions of Z ffie'^pTepIratTon^'o/Tf '' W 



696 


The Ptevalence and Epidemiology of Eoohwoun 


ihe province where climatic, topographical, racial or other conditions might possibly 
influence the amount of hookworm or other helminthic infections 

In most cases a request for assistance was sent to the Directors of Public 
Health or Chief Medical Officers in the various provinces and states to be 
investigated, with a copy of the proposed schedule of work These officers made 
arrangements with the local health officers or other 'local officials to give such 
a'-sistancc as was needed , they assisted in the selection of suitable villages m which 
to work, in obtaining the confidence and co-operation of the village people, and 
in arranging matters so that a maximum amount of w'ork could be accomplished 
m a minimum amount of time In many cases the local officers also actively 
assisted in carrying out the work, and did ^ great deal for the personal comfort 
of the field workers It is a pleasure to take this opportunity to express my 
appreciation of the very earnest and efficient assistance which has been given 
by the health and medical officers wherever and whenever their help was solicited 
The deep interest and active co-operation shown by these officers in all parts of 
the country is a high tribute to the personnel and esprit de corps of these services 
m India 

The field men went out on tour involving visits to each of tlie selected locali- 
ties and picked out one oi often two villages m each locality for special study 
Assisted by local officials the men made arrangements with the villagers, usually 
through the medium of the head man or some other influential person, for thf 
collection of stool samples This was usually done by distributing slips of paper 
with the age, sex and caste of the individuals marked on them, and sometime^ 
the name also, to be posted beside the stool when passed on the following morning 
Samples were then collected in half ounce tins by a sweeper under the direct 
supervision of the field men, special care being taken to see that the tins were well 
filled and tightly closed, so that very little development of the eggs could occur 
even in a period of several days In this way it was possible as a rule to get 
identified samples of from 75 to 100 people In some cases, due to ignorance, 
prejudice and suspicion the people were unwilling to co-operate, and it was then 
necessan' to collect the samples at random from fresh stools in the defiecation 
areas around the village, 'being careful to get approximately correct proportion of 
samples from men, women and children in case there was any difference in their 
defascation areas The only advantage of the identified over the unidentified 
samples was the possibility of determining the relative degrees of infection in 
different ages and sexes Since in India there is seldom any marked difference 
between the sexes except m a few places where their defalcation habits differ, and 
the average infections everywhere seem to advance fairly steadily with age, the 
disadvantages inherent in the collection of unidentified samples were slight There 
was, of course, the possibility of occasionally picking up a sample of a non-human 
stool, but we are certain that this coqld very rarely happen, and the men were 
instructed not to collect samples from stools about the origin of which they had 
any doubts This method of collection does, however, leave room for doubt in 
case of the finding of rare oi hitherto unrecorded parasites For example, we 
found two stool samples with gnathostome eggs, although adult gnathostomes 
have not previously been recorded from man In both cases the stools contained 



A D Sfewait and N L Baneijea. 


691 


f 

Strength of thiosulphate solution = 1 02 N|10 


(/) 

w 

3 

< 

> 

y 

Z 

Q 

0 



c c.’s Blank N| 10 thiosulphate solution 
Fig. 1, 


interesting and show how the excess or otherwise (over 

W th^hlT t «’= real lodme value With 

litre IS ,u« dl® kT 1 ‘e reached at the stage when the thiosulphate 

pilar Iv 11 r ™'‘‘e ‘"erenses re- 

c ‘‘’'“tilphate litre of the final solution But the 

lotoe value obtained from the particular Wi,s' solution where its t.tre is ,u ' 

Hanus- slJ™ ^ 

intersect Lh ote at!!'' i” "f' m the graphs The two curves 
curves where both « ‘'™ /“"‘e rv* P and Q Point P is common to both the 

cally „ w°* omnt X t This point practi- 

Hanus’ soliiuon whose ^ 01 ^^^^® “‘'“n 

slight deviation of P from X i! ornh A ^ original value The 

up the difficulty and doubtf in urror This clears 

In order to relnale fte v^ tLS’’? ” rb' “'“-ons 

that the thiosulphate titre of the ftaa s!u '.r “ “cessary 

original solution m both instances Por ''‘ft “I ‘he 

the standard stage’ ’The slight excess of' md?'™^t**”' "’“I' “”"1 

gut excess of iodine’ stage as recommended only 




698 The Prevalence and Epidemiology of Hoohworni. 

his colleagues in Porto Rico and China all egg counts are reduced to the basis 
of formed stools In India, however, mushy stools, except m a few hill areas, 
are the rule, at least 90 per cent of the stools in most parts of India are mushy 
Since this type of stool appears to be normal in India, we have not reduced our 
counts to the basis of formed stools, but have retained them as the}' were found 
except in the very few localities where formed stools predominated, and in these 
places we corrected the counts to the basis of the mushy stools in order to make 
them comparable with otlier parts of India Our counts serve as a direct basis 
of comparison with counts made anywhere in the plains of India, and also with 
counts made in Siam and probably Malaya and the East Indian Islands, but 
they have to be multiplied by two to make them comparable with counts made 
on the basis of formed stools in Amenca, the West Indies and China 


GEOGRAPPIICAE CONSIDERATIONS 

India IS a huge country extending from China, Siam and Indo-China on 
the east to Afghanistan and Persia on the west, and from the snow-capped 
Himalayan on the north to 8° north of the equator on the south It contains a 
population of over 300 millions of people, in the north-ivest they are predominantly 
Aryan, in the central and southern parts they are Dravidian, while in tlie northern 
hills, Assam, and Burma there is a distinctly Mongoloid strains Mohammedans 
predominate in the nortli-west and m Eastern Bengal, Buddhists in the eastern 
Himalayas and Burma, Sikhs in the nortliern Punjab, and Hindus in nearly all 
other parts of the country Many of the primitive hill and forest tribes all over 
India are animists, with no well-defined religion or creed In spite of this great 
diversity of racial origin and religion, the habits of the people so far as they 
affect hookworm disease vary remarkably little, and race, caste and religion can 
be regarded as playing a very minor part in the epidemiology of the infection 

Topographically e\erv type of country can bfe found The lofty peaks of 
the Himalayas extend all the way across on the northern side At the foot of 
these mountains is a great plain, the headwaters of the Indus in the west, the 
valley of the Ganges m the centre, and the valley of the Brahmaputra m the east 
This great plain extends southward to include practically the whole of Bengal 
which is a vast deltaic plain of the combined Ganges and Brahmaputra rivers 
On the eastern side of Bengal and the southern side of the Assam valley are 
ranges of lesser hills, seldom rising to an elevation of over 6,000 feet, these hills 
separate Burma from the rest of India, and are inhabited for the most part bv 
wild uncivilized tnbes On the western side the northern plain is extended south- 
w'ard through the Punjab, Sind and w'estern Rajputana and northern Boinba>j 
most of it being in the valley of the Indus This plain is bounded on the west 
by the bare rugged mountains of Afghanistan and Baluchistan, and on the east 
by the outl}nng spurs of the great central Indian plateau or ‘ Deccan ’ The 
peninsula proper has a narrow coastal strip on each side, bounded on tlie western 
side by a nearly unbroken mountain range, the Western Ghats extending from 
north of Bombay almost to the tip of the peninsula, and rising to a height of 
about 3,000 feet, and on the east by a more irregular and broken range, of less 
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amount of time necessary for the attainment of the real iodine value in both 
methods 





The examinations were Carried out under exactly the same conditions 
After a pven interval ot time taken by a stop watch, the reaction was 
finished ^multan^usly by adding a definite amount of pot iodide solution and 
wa er he results are given below and shown m the graphs in Fig 2 






700 


The Pi evalence and Epidemiology of Hookivoim 


shortly after the south-west monsoon ceases, and brings ram principally in the 
months of October, November and Decemlier, but it never carries such large 
amounts of water as the other monsoons 

In northern India the year is -divided into three very distinct seasons, the cold 
or winter season, which is practically rainless, extends from about the middle of 
October to about the first of March, but only the months of December and 
January are really cold Frost is very rare except in Assam and northern Burma, 
and freezing temperatures are unknown except in the Himalaya Mountains at 
6,000 feet or more elevation In the plains mean minimum temperatures in 
January and February vary from about dO^F to about 65°F and the mean 
maximum ones from about 75 °F to 90° F While this is a sufficiently low 
temperatuie materially to retard the development of hookworm larvae, it is not 
sufficient, under otlierwise favourable conditions, to stop it entirely Since, 
however, the cold weather season is almost rainless except for occasional showets, 
and the ground never remains moist long enough for the larvae, with their 
retarded development, to reach the infective stage, the amount of hookworm 
infection acquired in this season is negligible Following the cold weather comes 
a hot dry se;ason extending m most places from March to about the middle 
of June The mean maximum temperatures in this season are m many localities 
too high to be favourable, since they frequently range from 95°F to 105°F , with 
the mean minimums somewhere around 80°F In most parts of northern India 
there is very little rain m these months, but Assam is exceptional in this respect 
The combined effect of the high temperatures and very light rainfall makes the 
acquisition of hookworm infections practically impossible in most parts of India 
in tins season also The monsoon breaks about the middle of June in most 
places, and continues until September During this season the temperatures in 
most places which are favoured bj the monsoons are moderate, the mean maximun 
falling between 88°F and 92° F , and the mean minimum about 10°F lower, 
this comes very near being ideal from the standpoint of hookwoim propagation 
As long as the monsoons deliver a sufficient amount of ram to keep the ground 
continuously moist, climatic conditions are highly favourable for hookworm pro- 
pagation, and in poorly drained areas with high humidity tlie favourable condi- 
tions may last for two months or more after the cessation of the rams 

In southern India there is no true cold season, and the rams are m most 
places extended over a longer season, with lighter monthly falls On some parts 
of the west coast the rains begin m May and last until December, with a 
partial break m August or September On the east coast there are fight falls 
during the summer months, and heavy ones in October and November, and 
sometimes m December also 

Our investigations show that both tlie total annual amount of ram and the 
distnbution through the year have an important bearing on the propagation pf 
hooknvorm infections When the total rainfall falls below 40 inches a year, there 
may be a high incidence of light infections, but heavy or even moderate infections 
are absent or very rare, and consequently there is little or no hookworm disease 
If the total rainfall is so distiibuted that not more than 5 or 6 inches fall in 
any one month the incidence is small also, whereas in places where tivo, or even 
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In view of the fact that ver} little accurate information has hitherto been 
available with respect to either the amount or the epidemiology of hookworm 
and other helminthic infection"? in India, and that verj vaiymg opinions existed 
as to the necessit)' for anti-hookworm campaigns conducted on a large scale, 
an attempt has been made to survey the whole of India m such a manner 
as to indicate to ivhat extent helminthic infections constitute an important 
problem in India, which parts of the country arc seriously affected, what 
factors influence the degree of the infections in different parts of the countr) 
and what are the most promising ways of reducing and controlling the infections 
The investigation has been made under the joint auspices of the Calcutta 
School of Tropical Medicine and the Indian Research Fund Association The 
regular staff of the Hookworm Research Laboratoiy of the School of Tropical 
Medicine earned on all of the laboratory w^ork, whereas the field w'ork was 
earned out by two especially trained field men whose salaries, as w'cll as all 
the travelling expenses and other items connected with the field w'ork, wmre paid 
y the Indian Research Fund Association 


METHODS OF INVESTIGATION 

ge niethods which we planned to use were described m Part I of tins 

arrnnnf progressed our methods changed somewhat, so a brief 

account of them is necessary 

so far province m India, a number of localities were selected which weie 
we could ascertain in advance, representative of the various parts of 
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cease about the same length of time after the ground has become dry Thi-) 
may be anywhere from two weeks to two months or more after the rams cease, 
depending on drainage, humidity, soil, and the amount of ram which actually 
fell When comparing the degrees of infection in two different places, there- 
fore, it IS necessary either that the investigations be made at the same time of 
year relative to the favourable and unfavourable seasons, or that an adjustment 
should be made to neutralize differences due to the seasonal factor When 
our investigations were made within a month or six weeks of the season ot 
theoretical maximum infection no adjustments were considered necessary, but 
if made at other seasons we have attempted to estimate the probable reduction 
in worms harboured and to calculate an index of infection based on the season 
of maximum infection In our bar diagrams showing the relative amounts of 
infection, corrections have been made to neutralize this seasonal factor 

OCCUPATION IN RELATION TO DEFzECATlON HABITS AND 

HOOKWORM INFECTION 

Occupation does not play such an important part m the epidemiology of 
hookworm in India as the Hookworm Commission in China ‘has shown to be 
the case there About 90 per cent of the entire population of India is classified 
as rural, and the vast majority of these follow agricultural pursuits In China, 
hookworm infection is influenced to a very minor extent by ordinary soil pollu- 
tion (Cort, Grant and Stoll, 1926) and is dependent for the most part on the 
subsequent utilization of human faeces as fertilizer In consequence, the amount 
of hookworm infection depends very largely on the extent to which the people 
come m contact with ground fertilized in this manner The infection in China 
is not only rural but agricultural and even varies to a very large extent with the 
type of crop and the methods used in producing it No such condition exists 
in India Night-soil is practically never utilised as fertilizer except incidentally 
as the result! of soil pollution Soil pollution, on the other hand, is an almost* 
umversal habit except in a few special localities and is the habit of nearly all the 
rural people^ without respect to race, religion, caste or occupation, in most 
places only a very few of the better educated high-caste people have adopted 
the use of latnnes These are so few m number that they can be ignored for all 
practical purposes In the delta division of Burma, however, in localities which 
are largely flooded during the monsoon season, latrines are almost universally 
used by all but the Indian settlers In many cases these latnnes are verj' 
pnmiflve, in some places they are merely shallow pits, with a few logs laid 
across the top, while in other places there is a superstructure built so tliat the 
squathng places are several feet above the surface of the ground In some parts 
of Eastern Bengal primitive latrines are extensively used by tlie women and 
children These are even more primitive than in Burma, and usually consist 
merely of a sloping bamboo pole, with or without a screen of dead leaves, or of 
a Convenient branch or raised root of a tree There is seldom any attempt at 
a pit In some of the iMohammedan villages of the northern United Provinces 
and tlie Punjab the women use special mud closets for defaecabon There may 
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other eirgs charactenst.c of luinian stools and bad every appearance of being 
human stools We feel icasonably confident that these two cases reprcscnla 
true cases of human paiasitism with .idult gnalhosloines )cl we arc unable to 

lecord it as an absolutely ceitain fact , , , 

On the date of collection the snmiiles were posted to Calcutta, and placed on 
,ce upon their arrival there Usuall> it v as possible to examine them immediately, 
and we are sure, from the appearance of the eggs, that in verN fe^^ cases was 
any appreciable number lost through hatching or deterioration 

Meanwhile the Held men made a^; careful an cindcmiological study of the 
villages as possible, both hv peisonal observation and by questioning of the people 
themselves A sketch map ol the village was drawn showing arrangement of 
houses, deftecation areas, water courses, tanks wells, etc Copious notes were 
taken on the locahon and nature of the defalcation areas, the dcfrccation habits 
of the people and diflfercnces in habits between the sexes The water supply W’as 
carefully studied wnth special icfcrencc to the possibilities of gross pollution an 1 
the consequent acquisition of Ascaris and Tnchuris mfcctions Notes were 
taken on the arrangement and construction of the houses from the point of \icw 
of rats and the acquisition of ITjmcnolepis infections, and the fond habits were 
also studied from this standpoint especially the extent to w'hich conked food wa- 
kept overnight, and the care taken to prevent access of rats to it Notes were 
also taken on the kinds, number and habits of domestic animals and on ain other 
factors which might influence helminthic infections At the beginning of the 
work m Bengal soil infestation studies were made by the collection of samples 
from defsecation areas and from other spots wdiich w'crc suspected of being possibl) 
infested, and fresh stool sites were marked for the collection of soil samples a 
week later, tlie number of eggs per gram in the stools so marked being determined 
m the meantime It soon became evident that little further information could 
be obtained by continuing this work, and that it was not wmrth the time required 
for it, since our studies in a few localities made it possible to say w'lth a fair 
degree of acairacy from observation alone the amount of infestation which would 
develop in any given place 

After the men had completed their wmrk m the selected localities on each 
tour, I made a personal visit to the majority of them to check upon their w'ork, 
and to observe the conditions at first hand With the aid of the notes, ’it w'as 
usually possible to make this inspection and get a very good picture of epidemiolo- 
gical conditions m the space of a few hours Without the soil infestation studies. 
It was possible for the field men to get their stool sample and to collect all the 
necessary epidemiological data m from tw'o to three days 

In the laboratory the stool samples received were examined for incidence ol 
centrifugal flotation method (Lane, 1924) and positive 
19251 ^ modification of Stoll’s dilution egg count method (Chandler 

) to determine the^ degree of hookworm infection In case 90 per cent nr 
re of the samples were positive in the first lots examined by D C F 

d“c TstoT 09^1 

v^tou ^1924) has shown that on the average formed stnnic . ^ 
y gg per gram as mushy stools and m his work and m that of 
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almost exclusively confined to rural communities or people living under rural 
conditions 

There is no evidence that occupation, pet se, has any appreciable effect on 
the degree of hookworm infection except in a very few special cases, eg, tea 
garden labourers, miners, sewage farm coolies, etc In some cases the occupa- 
tion and the amount of hookworm infection is jointly affected by other factors, 
e g , sea fishermen have comparatively little hookworm, because they live m 
proximity to the shore, and cotton producers because the soil which is favourable 
for cotton is unfavourable for hookworm propagation In a given village we 
have found no significant difference m tlie amount of hookworm in farm labourers, 
shop-keepers, cobblers, or people of other occupations They alb use the same 
defsecation areas, and are all about equally exposed to infection 

Tea garden coolies appear to be rather more severely affected than do 
the people m neighbounng villages who do not work on the gardens This 
appears to be due in part to the more favourable condition of the soil for the 
development of hookworm larvae as the result of frequent cultivation, and in 
part to the more frequent contact ■with polluted areas during the plucking season, 
which corresponds with the season favourable for hookworm propagation On 
most tea gaildens jn India every bush is plucked once every two weeks, and 
consequently contact with any polluted soil in the gardens is ensured within the 
time of survival of the larvae Tea garden coolies dislike plucking in the 
■vicinity of coolie lines on account of the ground itch which they recognize to be 
a consequence of plucking in such localities 

Miners are also exposed to an unuSual degree since the warmth and humiditv 
in the mines does away with the desiccation which occurs on the surface through- 
out the dry season of the year If it were not for the devouring of stools by 
roaches and the consequent destruction of a high proportion of the eggs contained 
m them Chandler, 1926), the acquisition of infection in underground 

defaecation areas would be much greater than it actually is 

Sewage farm coolies are exposed practically throughout their working hours 
to soil in which there is a widespread, though usually fairly light, infestation 
with hookworm larvje Even m parts of India where practically no infection 
results from ordinary surface pollution (eg, Smd), the sewage farm coolies 
have a high degree of infection There appears to be no remedy for this except 
an annual mass treatment of such coolies 

OTHER EPIDEMIOLOGICAL FACTORS 
Footgcah 

The wearing of shoes undoubtedly has an important influence on the amount 
of hookworm infection {see Davis, 1923), but it happens that in most parts of 
India where climatic conditions are favourable for hookworm, shoes are rarely 
worn except on special occasions or on visits to other villages or towns In some 
parts of the United Provinces and Central India the wearing of footgear, usually 
in the form of kharains, wooden soles without uppers, espeaally by the men, 
has a beneficial effect In many parts of nortli-west India, also, footgear is 
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Avahoii, the Easier.. Ghats Bclwec. these ra..Kcs ts a J" 

averaee elevat.o.t ot fro... 1 TOO to 2,500 feet, hi....v.i as tile Deccan On 
'nortli® between llic Dccca.i and llic plains o( the I’n..)..!. and Un. cd Province,, 
the country is iircKuIarly l)roUcit.liy hills, pbitcans ,aiid v.illeys, while ni the sontli 
tlicrc IS also a rather irregular arrangement of groups of htlls and intervening 
plains In Burma there is a deltaic plain of the Ii raw.idflv, and a nuniher o 
more or less parallel valleys ninning north and south, seiiaratcd hy hills o 
moderate elevation, for the most part not over 3,000 feel 'J'he Shan States and 
the northern and eastern parts of Burma arc all hilly, \Mth few plains of an\ 
appreciable extent 


CLIMATIC CONDITIONS IN RELATION TO HOOKWORM 

INFECTIONS 

The climatic conditions var} enormously in differcut p.uts of the countrj, 
and It is this variation which is the keynote to the very uneven dianhulion of 
hookworm infections Since the climate has been di'^cusstd at some length in 
the vanous sections dealing with different geographical division^ of the countr>, 
it IS onlj necessary here to give a brief review of the climate and the factors 
influencing it, in the country as a whole 

Practically the whole of India excejit the moimtams at an ele\ alion of .ihout 
5,000 feet or more m the north has a tropical climate Throiighont India the 
rainfall is seasonal, the ram being carried b> several distinct monsoon ctirrepls 
The south-east monsoon sweeps up across the Ba} of Bengal and sufiplics practi- 
cally the entire rainfall foi Burma, Assam, Bengal, Bihar and Ori'-s.i, eastern 
Central Provinces, United Procmces, and the Punjab It breaks in Burma and 
Assam in May, and somewhere between the beginning and end of June in other 
places The preapitation is very heavy on the coasts and neat the foot of the 
mountains, and gradually decreases toward the north-west 'I'his monsoon 
gradually dies m September, though m some localities there maj he some precipi- 
tation in October also 


The western side of India is supplied wnth ram by the south-west monsoon, 
which sweeps in a north-east direction across the Arabian Sea, and strikes the west 
coast of India The heaviest precipitation is in the south, along the Jtlalabar 
Coast, but there is heavy ram on the coast as far north as llie ^Vcslern Ghat-, 
extend These mountains cause the monsoon winds to drop most of their 
moisture, so that the Deccan just east of the crest of the mountains is very dry 
Where the Western Ghats cease m northern Bombay the coastal rainfall is greatly 
reduced and a fair amount of ram is carried inland to central India In parts of 
Central India and the Central Provinces there is a sort of no-man’s-land between 
the two monsoons to which one or both or neither may reach m any particular 
year consequently the annual rainfall is subject to relatively enormous fluctua- 
the central part of southern India is not so dry as the Deccan The south-wc<;t 
monsoon breaks in May and extends to August ^ ^ 

The north-east monsoon sweeps southward over the southern Inlf nf A/r a 
affecting pnncipally the Coromandel Coast and Travancore L becomefac^i; 
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direct experiment (Chandler, 1926c) that only a small proportion of the eggs 
eaten succeeded m passing through the grinding organs of the proventnciilus 
of these insects There can be no doubt but that roaches are highly beneficial 
in controlling hoolcworm infection in mines which have no sanitary arrangements 

Dung beetles (Scarabaeidce) constitute a very important factor in the deve- 
lopment of hookworm larvie Through the entire season during winch there is 
moisture in the soil, and therefore the season when larvse can develop, dung 
beetles are very active in stirring up stools with soil, the result being that 
excellent cultural-conditions are produced, and the larvae develop far more readily 
than if the stools were left untouched There is no doubt but that the stirring 
up of stools by dung beetles very greatly favours the development of hookworm 
larvje from eggs contained m them As a rule in moist soil it is only a matter 
of a few hours, almost never more than a day, until tlie site of a stool has the 
appearance of a mound of finely granulated earth due to the activity of these 
insects , the surface of such mounds always contains more hookworm larvje than 
would be found on the site of undisturbed stools on the surface of the ground 

Som 

The nature of the soil unquestionably has an important influence on the 
degree of infection Experiments recently conducted by tlie International Health 
Board m Alabama (1924) have shown a striking correlation between the amount 
of hookworm present and the type of soil In the Report for 1924 the following 
statements are made ‘The hookworm distiibution follows the type of soil 
very closely, and there is little overlapping For example, at the dividing line 
between the sandy coastal plain 'and the black soil belt, one commumty in the 
sandy belt was found with every child infected, most of them heavily ,' whereas 
in a similar community in the black soil belt, only two or three miles away, not a 
single child was infected The type of soil is therefore of great importance m 
determining the intensity of hookworm infection in a tommumty An 
experienced observer should be able by a glance at the soil of the area, providing 
he knows the mean temperature and rainfall of the region, to determine whether 
there is, or erer can be, a real hookworm problem there’ 

Heavy clay soil has long been recognized as an unsuitable medium for tlie 
development and survival of hookworm larvae Patches of such soil occur in 
nearly all parts of India, but they are usually not very extensive Extending 
across the north central portion of Bengal tllere is a fairly broad area of red clay 
known as the ‘ barind,’ and a red clay which attains a slippery surface when 
wet occurs extensively, in the Assam hills Black cotton soil is particularly 
unfavourable for hoolcworm larvae, it requires over twice as much water to make 
it wet as IS required for ordinary alluvial soil, it consists of very fine clay 
particles through rvhich hoolavorm larva; cannot readily migrate, and it tends to 
dry into extremely hard clay-hke clods when exposed to the sun and dry at- 
mosphere of the parts of the country where it is found I do not believe any 
area with this type of soil will be found to have any appreciable amount oi 
hookworm infection Black cotton soil occurs very extensively in the Central 
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only one month, has nine or ten inches or more the incidence may reach 70 per 
cent to 80 per cent 'The monthly rainf.dl which is nccessaiy to allow' hookw'orm 
propagation depends on a miinhcr of olhci conditions, the most important of 
which are drainage, type of soil, humidity, and numliei of rainy d.iys over which 
the rainfall for the month is distrilnitcd If the drainage is poor, the soil not 
too light, the liumidity high, and 9 oi 10 or more days in the nioiith arc rainy 
(le, witii at least 0 1 inch of ram), five to six inches appears to be quite sufficient, 
whereas under less favouiablc conditions at least sc\cii iiiclics appears to be 
required The larger the number of iiionllis in the year m which the ground 
IS kept practically continuously moist, other things being equal, the greater the 
amount of hookworm which will occui \Vc have adduced evidence (Chandler, 
1926) to show' that hookworm infections are rapidly lost when rc-infeetion is 
stopped Three months of dry wuallicr apjiears to be suffieient to ensure a loss 
of about 50 per cent of the w'orms harboured, 60 per cent are lost m six months, 
and 65 per cent in 9 months The consequence of this is that a dry season 
interferes w'lth tlie cumulative acquisition of w'orms, the time during which hook- 
w'orms can be acquired is leduced in most parts of India from 12 months to 
from 2 to 8 months, a fairly high percentage of w'orms is lost m the interim 
between favourable seasons, and at the beginning of each succeeding favourable 
season the number of eggs reaching the soil, and therefore the mtcnsil} of soil 
infestation, is correspondingly leduccd A dry season of from 6 to 8 months 
dunng which hookworm re-infeclion is practically entirely stopped can be regarded 
as having very much the same effect as a mass tre^itmeni , hi fact the degree and 
distribution of hookworm infections in most communities in India are strikingly 
like those which are found in countries w'lth more f.ivourablc climates after an 


extensive treatment campaign, i e , there is a high incidence of light infections 
with very few if any heavy infections In Porto Rico, for instance, after a 
thorough treatment campaign in a severely infected district, Payne, Corl anci 
Riley (1923) found the infections distributed as follow's Negative to egg count, 
33 per cent, 50 to 250 eggs per gram (reduced to the basis of mushy stools to 
be comparable w'lth our Indian counts), 37 per cent, 300 to 1,000 eggs per gram, 
25 7 per cent, 2,500 to 5,500 eggs per gram, 2 9 per cent, and 5,500, 1 4 ])cr 
cent Sucli distribution of infections is typical of the greater part of India 
where hookworm infections are prevalent, e g , throughout the plains of Bengal, 
Bihar and Orissa, eastern Central Provinces, and United Provinces Cort et al 
(1926. call attention to a similar resemblance of the hookworm infections in some 
parts of China, where the climate is unfavourable, to the amount of infection left 
m heavily infected places after a successful treatment campaign Nowhere m 
India are there infections as heavy as those found, for instance, in the AVest 
indies or even m favourable localities in south-eastern United States the 
h«v,es .nfecfons occur m u small part of Burma, the Assam ,,,e 

jee mg distnct of Bengal, and on the southern Malabar nil i 

where there are seven to e.ght favourable months m t“ ye" 

depo^tog idS-n 

of worms about this Icngth'of limf after ftTblT 

gt time after the beginning of the rainy season, and 
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places, however, there are differences It frequently happens that the females 
use localized areas close to the villages, whei e groves or thickets afford protection 
from view, while the men have less well defined and more scattered defalcation 
areas at greater distances The places frequented by the females consequently 
become more heavily polluted and a higher degree of infection in this sex 
results In other places the females habitually use latrines, while the males 
go to uidcly scattered places in the fields and jungle, in this case the degree 
of infection in the females is less than in the males On the tea gardens the 
females are usually slightly more heavily infected than the men, probably due 
to additional exposure to infection while plucking the bushes Our own obsen'a- 
tion, as welf as Dr Kendrick’s very large seties of egg counts in Madra<^ 
Presidency, show conclusively that there is a fairly steady average increase 
m the degree of infection with advancing age Children become infected very 
soon after they begin to run about, but since they are more promiscuous in their 
habits and do not so regularly v’sit the defecation places used by the adults, they 
are exposed to infection less frequently than the latter The habits become more 
and more fixed with advancing age, and we believe that the increasing regulantv 
m the visits to definite places for defsecation is quite sufficient to account for 
the steady increase in degree of infection with advancing age Smilhe’s (1922) 
suggestion that it is due to a slow acquisition of infection we believe to be 
entirely untenable, for we are convinced that infections are rapidly acquired and 
rapidly lost 


Species or Hookworms 

The species of hookworms which affect man m India differ somewhat in 
different parts In southern India Nocafoi autericanus is practically the only 
speaes present , less than 5 per < ent of the total number of worms harboured 
are Ancylostouta duodenale, and Ancylostoma btasiltciise has not yet been 
recorded m man in that part of India In Bengal, Chota Nagpur, Orissa 
Assam and the central parts of India Nrcafor ainci tcanus is still the predominant 
species, but the proportion of Ancylostoma duodenale is higher In Bengal, 
roughly about 20 per cent of the norms harboured are of tins species According 
to Korke (1926) A duodenale becomes still more common in Bihar, where it 
actual^ becomes the predominant species Unfortunately our methods of 
investigation do not demonstrate the species involved, but we consider it very 
probable that a relatively high proportion of the worms harboured in the United 
Provinces and in the Punjab, as well as in Bihar, are ancylostomes rather than 
necators, our reasons for believing this are that the number of eggs per gram 
and the clinical severity of the infections in these places are greater than would 
be expected in comparison with Bengal, in view of the less favourable climatic 
conditions With a higher proportion of ancylostomes, a smaller number of 
worms would be required to produce these conditions than would be the case 
m Bengal, where about 80 per cent of the wonns are necators If ne are right 
m this surmise, it would appear that A duodenale is much more prevalent among 
pepplcs of Arj'an origin, or with a considerable admixture of Aryan blood, than 
It IS among the Dravidian and Mongolian races Jolly’s investigations in Burm i 
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or may not be a log or board to stand on with a shallow ditch liehind , in many 
cases the stools arc passed merely on the surface of the ground, but as these 
stools arc usually removed daily the dangci of mfcction is not verj great In 
some parts of Bengal it is a common practice for the men, during tlie flooded 
season, to defrccatc ovci the sides of the primitive bo.its which they use in ciossing 
their paddy fields In many paits of southern India there is a jiieec of ground 
set apart inside the village, and stnioundcd by low nails, ns a def.c'cation plac>. 
for women Although called a lati me by the loc.il people, such a place has none 
of the advantages of a latrine, and its use must he moie dangerous than 
promiscuous soil pollution 

With these few exceptions, the village people of Indii h.ibiluall) dcf.ccnte 
on the surface of the ground somcwhcic near the villages Usuall) the nature 
of the environment is such that certain general localities where there is protec- 
tion from view, and often where w'atcr for ablution is handy, become more or 
less well-defined defcxcation areas Localities which are espceiall> f.i\ourcd an 
groves of bamboo, mango, prickly pear, or other shiubs or trees near the 
village, the sloping banks of tanks, streams or ditches, the drj bed of streams, 
comers of cultivated field, the sides of loads or paths In '■ome places the 
men and w'omen use the same location, but in main places the men go to some- 
what more distant places than the w'omcn, and their defa.cation aieas arc often, 
in consequence, more scattered and less well defined In comjiact Milages such 
as are found in the United Provinces and central and north-west India there 
are general defalcation areas w'here people from a whole section of the Milage, 
or even the entire village, mingle In parts of Eastern Bengal, Assam, northern 
Burma, the w'est coast of southern India, and in the Himalayas, where the 
villages are scattered, wuth considerable intcr\als between houses or groups of 
houses, tliere are often separate defxcation areas for each household, or at least 
for each small group of households 


It IS obvious that the more concentrated the deficcation areas, the greater 
the danger of contact wnth infested ground when the areas are visited Wc 
are convinced from our epidemiological studies that the vast majority of worms 
are acquired while standing on infested ground during the act of defecation 
Even the use of a raised root of a tree, or of a low honrontal branch, in so far 
as It IS efficient in keeping the feet off polluted ground during the act of 
defecation is a powerful factor in controlling hookworm infection When there 
are individual defecation areas for each household there is likely to be a very 
wide range in the degree of infection in these different households, whereas in 

riikeiv to 

IS likely to be much more nearly uniform 

hn-Jl espeaally m southern India, sanitary conditions are 

tnethodTf subsequent Ijimal ,n a trenclitng ground is the commonest 

no c^re Ta”„;LT toet; '= 

m south India than tt was a few '"’Ponlant 
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constantly to make good the damage done by the worms, 'and as a result it is 
readily conceivable that resistance to fatigue, exhaustion and disease may be 
proportionately lowered Only when the point is reached where the repair 
cannot keep pace with the damage will any obvious or measurable symptons be 
present Once this point is reached, any increase in the degree of infection will 
produce an accelerating increase in the damage to the host 

The degree of infection required to produte measurable injury to the host 
depends, as one would expect, on many other factors The most important ot 
these IS nourishment Smillie (1922) gave some very striking figures showing 
the influence of good nourishment on the effect produced by hookworm infec- 
tion On a fazenda m Brazil he compared two groups of farm labourers who 
were living under practically identical conditions except that the individuals m 
one group, who were milkers, drank several litres of milk a day in addition to 
their other inadequate diet The milkers, with an average of 350 hookworms 
each, had a hiemoglobm index of 66 per cent, which is normal for Brazilian 
labourers, whereas the field workers who did not have the milk, with an average 
of only 224 hookworms each, had only 57 per cent haemoglobin It has been 
the experience of practically all observers that it is the undernourished individual 
who suffer most from hookworm disease Overwork, excesses, hardships of any 
kind, and chronic diseases, all tend to increase the effects of hookworm infections, 
just as- hookworm infections tend to render the individual more susceptible to 
these other factors Thev all require vitality to resist them, and if several ot 
them occur together, the odds against the patient are much greater Age also 
IS an important factor The powers of compensation are not as great in 
children or m people past the prime of life as they are in!>young or middle-aged 
adults There is some evidence that race also has some influence It has been 
the experience of myself and others that negroes m southern United States suffer 
less from equal degrees of hookworm infection than do whites, and Gordon’"^ 
(1925) lecent investigation in West Africa gives further evidence of the relative 
immunity of the negro race We have no definite basis for a statement of the 
relative susceptibility of Indians or of different races of Indians, but casual 
obsen^ation of very large immbeis of individuals has led me to the opinion that 
the Dravidian races are snmevhat less susceptible than either the Aryan o’" 
Mongoloid races, but more so than the negroes 

It IS not surprising, when all these factors are taken into consideration, thal- 
there should be no close correlation between the degree of infection and the 
seierit} of infection m individuals, although a certain amount of correlation can 
be obserred m communUies In Brazil, Smilhe (1922) found a definite break 
m resistance, with a measurable loss of haemoglobin, when the average number 
of wonns reached about 75 In southern United States, Smillie and Augustine 
(1926) found no effect produced in school children by infections of from 1 to 25 
uorms, exceeding little bv infections of 26 to 100 worms, but observed definite 
improvement after treatment m children with 100 to 500 worms, and very marked 
improvement m children i\ith over 500 worms They arbitrarily divide the in- 
fected indniduals into 6 groups as follows 1, no hookworms, 2, very light 
infestations, 1 to 25 worms, 3, light infestations, 26 to 100 worms, 4, moderate 
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extensivch worn both bv men rmd women, but there the climatic condition'; arc 
such that no appreciabic degree of hookworm infection could develop even 
if shoes were not worn The low degree of mfeclion m the Shan States is 
almose certainly due to a large cMcnl to the li.ibm.al ucarnig of sl.ocs In oilier 
parts of Burma, as iicll as ni Assam, Bengal, Biliar and Orissa, and in soutlicrn 

India shoes arc rarely worn 

Domestic Animai-s 

The effect of the dciouring of human faeces b} domestic animals is a question 
about which there is a considerable difference of opinion Ackert and Payne 
(1922) were the first to demonstrate the fact that when human stools arc eaten 
by pigs, the eggs pass through unhauned and subsequently develop into norma) 
larvse ' Chandler (1924) coiifirmed this in India, and also showed that worm 
eggs devoured by dogs and rats were uninjured b> passage through the digestive 
tracts of these animals Ackert (1922) showed, howcvei, that a high jiroportion 
of eggs devoured by chickens w'cre destrojed, presumably bj grinding in the 
gizzard Where the devouring of stools by pigs and dogs is bciicficial or 
othenvise, therefore, resolves itself into a question of whether the droppings of 
the animals fall m places where the larvx which subsequenlly deeclop arc more, 
or less, likely to cause infection Our observations indicate that this depends 
entirely on local condiUons In some places the pigs and dogs range o\cr a wide 
area, and the eggs are more w'ldely scattered than if they had not been interfered 
with, while m other places the animals stay fairly close to the houses or ^ illages, 
and for the most part drop their stools in mucli the same places as do the \illagcrs 
In this case the devouring of the stools can have very little effect, beneficial 
or otherwise It is only wdien the stools are. eaten from latrines or standing 
places where the concentration of the fsccal matter w'ould pre\ent any high degree 
of survival of the larvcC, and Avhere human feet w'ould be unlikcl}' to come m 
contact with them anyway, and arc then dropped in places w’hcrc the developing 
larvae are likely to be stepped on, that any damage can be done For the most 
part our observations indicate that tlic devouring of stools by pigs and dogs has 
very little effect of any kind on the amount of infection Cattle and buffaloes 
also avidly devour human stools, but in this case there is room for serious doubt 
as to whether the eggs survive So far as I am aware no direct c\penment‘> 
have been made to determine the effect on hookwmrm eggs of passage through 
Aese animals We have observed, however, that m places w-here the stools are 
labitually eaten by cattle and buffaloes the degree of infection is lower than w'ould 
e expected in consideration of other circumstances, furthermore, we have 
jammed by the D C F method a considerable number of eattlc and buffalo 

00 s found on very frequently used defrecation areas where very numerous 


tlie Observed that the stools deposited underground were f, 

the most part completely devoured by cockroach^, and JUtZZ \ 
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50 worms Smilhe (1922) in Brazil concluded that on the average 75 worms 
might be considered the degree of infection necessary to produce measurable 
symptoms, and Smilhe and Augustine (1926) in Alabama found extremely little 
effect in their group haibouring between 25 and 100 worms Since Indians 
appear to be at least as resistant as whites, less than 50 worms may on the 
basis of this work be considered practically harmless Our own observations as 
well as those of others in India strongly support this view Our group 2 with 
less than 100 eggs per gram can be considered as of very little practical importance 
even from an epidemiological standpoint, since we have found that the number 
of larvae developing on the site of stools containing such a small number of eggs 
is ver)'' small indeed Our group 3, with from 100 to 500 eggs per gram, 
while clinically negligible, is of some importance from the standpoint of the 
spread of the infection The individuals in group 4, with from 600 to 2,000 
eggs per gram, while not entirely negligible from a clinical standpoint, probably 
suffer very little as a rule unless under-nourished, overworked, or suffering from 
such chronic diseases as tuberculosis, malaria, kala-azar or leprosy We consider 
it very likely, also, that infections of this grade may be mjunous in slightly 
lowering reserve vitality and power of resistance to fatigue and other diseases, 
especially in the poorly nourished, without necessarily producing any observable 
symptoms Group 5, with from 2,000 to 5,000 eggs per gram, corresponding 
roughly to from 160 to 400 necators, is very similar except that the proportion 
of individuals showing mild symptoms may be presumed to be greater, and 
probably most of them suffer from slightly reduced mental and physical endurance 
and efficiency unless very well nourished and in otherwise excellent condition 
Individuals m group 6, with from 5,000 to 10,000 eggs per gram, probably all 
suffer to some extent, and those in group 7, with over 10,000 eggs per gram, 
may be considered, ivith few exceptions, to show distinct and observable clinical 
s)wptoms, in many cases severe To sum up, group 2 is practically entirely 
negligible from both a clinical and epidemiological standpoint, and may for all 
practical purposes be classed as negative,’ group 3 is clinically negligible but of 
some epidemiological importance, group 4 is on the border line clinically and 
important epidemiologically , group 5 may be practically unharmed clinically m 
well nourished and otherwise perfectly liealtliy individuals, but suffers under any 
adverse conditions , and only groups 6 and 7 need be considered as having well- 
marked hookworm disease 


THE INDEX OF INFECTION 

In order to make it possible to make a direct comparison of the actual 
amount and severity of hookworm infection m different places, we have attempted 
to work out an index of infection The incidence of infection alone is of verv 
little value by itself, and we also believe that a statement of the degree of infection 
alone, based on the average eggs per gram for the community although a far 
more valuable basis of comparison than the incidence of infection, is also 
inadequate uithout a consideration of the distribution of the infections (jcf 
Chandler, 1925) We thought, therefore, that we could arnve at an arbitrary 
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Provinces and Central India in parts of the Deccan of Bombay Presidency, 
Hyderabad and Madras, and on some of the Mysore tablelands 

Very light sandy and gravelly or light sandy loam soils are also unfavourable 
for hookworms in places vdieie the rainfall is small m amount and irregular in 
distribution Such soils allow too large a quantity of water to percolate to deco 
layers, and have too deep .1 subsoil water level, and they tend to dry out too 
quickly at the surface Patches of such soil arc found especially in northern 
Bihar and in many parts of Central India and the Dcccan In Bengal. Bihar, 
United Provinces and the greater pait of the Punjab alhuial soils predommatt 
These are mixtures of sand and claj in varying proportions, when cither clement 
IS in strong predominance, conditions arc less favourable for hookw'orm lar\.e 
than Avhen there is a fair proportion of each Latcrite soils are fa\ourable as a 
ntle, they occur in most hilly areas of India 

We are coinnnced that salt in the earth, resulting from saturation by sea 
water, has an injurious effect on hookworm larva;, in spite of the fact that the 
developed larva: can surs’ivc a long tunc in brackish w^atcr Our lUACsligations 
at Gosaba in the Sunderbans point \ery strongly to this conclusion Dcfaecation 
on a seashore leaves little oppoitunity for infection, if the stools arc deposited 
near enough the shore so that they arc reached b} the w'atcr at high tide the 
eggs and larva: are washed aw^ay, if deposited out of reach of the water, the 
very rapid drying of the sand bctw’cen show'crs, the open exjiosure to the sun, 
the frequent migration up and down as a result of heat and cold and alternate 
drying and w’etting, the absence of dung beetles to stir uji the stools W’lth the 
sand, as w^ell aS the presence of salt in the environment, all tend to prevent the 
development and shorten the lives of the larcrc 


' Irrigation 

• Artificial irrigation as a rule has little effect on hookworm infection, for the 
reason that almost mvanablj the peojile jircfcr dry places on wdiich to stand 
for defecation, and even where a relatively large proportion of the land is 
kept moist by irrigation, there arc ncaily always dry spots, espcciall} close to 
the villages, and therefore nearly all the stools are deposited in places which arc 
quite as dry as if there were no irrigation In Bomba) Presidency it is 
illegal to carry irrigation water within a quarter of a mile of a \illagc on account 
of danger of malaria, and this almost completely eliminates the possibility of the 
irrigation water having any effect on the development of hookworm larva: Only 
in a few of the valleys of the north-west frontier is the water brought to the 
very edge of the milages, and it is only m these places that any effect of irriga- 
tion on the amount of hookworm infection could be found Contrary to the 
opinion wdiich is sometimes expressed, there appears to be little danger that an 

dererc!! m the dry parts of India will bring about any appreciable 

aegree ot hookworm propagation ' 


In most places 
hookw'orm infection 


Sex and Age 

m India there is no very great difference in the 
m the two sexes, since then habits aie much alike 


degree of 
In some 
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of all the facts involved m the incidence, severity and distribution of the infec- 
tions when all the individual cases are studied 

Our observations indicate that when an index of infection, worked out as 
described above, falls below 200, the amount of hoolcworm present is so small 
that It IS of no practical consequence and can safely be ignored as an important 
public health problem Wlien the index falls between 200 abd 250, hookworm 
may be regarded as at least a potential danger to the community, and a small 
percentage of the people, usually between 2 per cent and 5 per cent, will show 
obnous clinical symptoms of hookworn disease , usually somewhere between 30 
per cent and 50 per cent of the people will harbour a sufficient number of 
worms so that under otherwise adverse conditions, such as malnutrition, over- 
work or chronic disease, slight injury may be expected Wlien the index falls 
between 250 and 300 the number of individuals who show distinct symptoms of 
hookworm disease is usually increased to from 5 per cent to 10 per cent and a 
still higher percentage are on the bordei line where their infections are likely to 
be harmful under adverse conditions In other words, when the index of infec- 
tion falls between 200 and 300, the hookworm situation is worthy of considera- 
tion as a minor public health problem, the importance of which may be regarded 
as increasing in direct proportion with the index of infection between these 
points, and m inverse proportion ,with the hygienic standards of living When 
the index of infection falls above 300, we believe that hookworm infection con- 
stitutes ^a really important public health problem which must be attacked before 
a healthy community can be hoped for W^ith each ' increase of 50 in the index 
of infection abbve 200 the percentage of individuals who show obvious symp 
toms of hookworm disease may be roughly estimated to be about 5 per cent 
and the number of individuals who are on the border line where their infections 
may be considered injurious to them under adverse conditions may be roughlv 
e(stimated to increase by about 10 per cent The urgency of the problem in- 
creases m direct proportion with the increase in the index of infection 

C 

AMOUNT OF HOOKWORM INFECTION IN INDIA AND ITS 

SIGNIFICANCE 

It is the general opinion that hookworm constitutes a very important prob- 
lem in India Incidence statistics, on which our knowledge of the disease m 
India has been based almost exclusively until recent years, mdicated a very pre- 
valent infection and this has led to the assumption that it was also severe The 
severe hookworm infections observed in Indian coolies on estates in other coun- 
tries was thought to indicate a severe degree of infection among them in their 
own country, and it has even been assumed that hook\Aorm was being imported 
wholesale by Indian labourers into such countries as Geylon, Malaya and the 
East Indian Islands This, in fact originally led to a \vide international in- 
terest in hookworm infections in India, resulting in the co-operation of the In- 
ternational Health Board with the Governments of India and Madras in an 
extensive investigation of the infection m southern India A summary of our 
knowledge of hookworm infection in India was compiled by the International 
Health Board in 1922 
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have shown that almut (o 6 per (cnl of tlic wonn. li.irhnnrcd llierc arc 4 duo- 
dcmlr and no less than 3S per teni me 4 huirihc>i<;c 'Plus relatively Inqh 
proportion of (Ins lattci species in P.iiniia (.ind also in I\Ialaya and some of the 
East Indian Tshnds) is a \crj ])cciili.ii and inlcrc sling fact indicaling some special 
epidemiological factor favouring tins vvonn m these countries and not m other 
parts of India, what this factor is we aic not .at pic^ent able to say 


GRADES OF IXTECTION 


AND 'PTIEIR STGNTFICXNCE 


We have divided our infection into a scries of gmups ac-ording to the 
number of eggs pci gr.am, as follow v. 1 cnfirelv negative. 2, less than 100 egg- 
per gram , 3. 100 to SOO eggs per gram . I 000 to 2.000 eggs per gi.am , S 2.100 to 
5,000 eggs pci gr.am, 6, 5,000 to 10,000 eggs per gram, and 7. over 10,000 eggs 
per gram As the result of his work in Porto Ricf'. Stoll fl923) cstimatcfl 
about 25 eggs per gr.am pci female worm m mushv stools and predominant nccatoi 
infections, and Sweet fl925) cilimatcd a similar mimher in Ceylon From 
estini.ates which we have made m Calcutta comparing egg counts with worms 
expelled after (rc.almcnt, vve heheve that this mimher is sufficiently accurate foi 
Bengal .also Roughl}, therefore, 100 eggs per gr.am in onr counts can be 
interpreted as representing <S nccators Cort ct al (]^26) in China and Sweet 
(1924) m Australia have come to the conclusion that InrxJn^lonw dnodcnolr 
deposits sev'er.al times as main eggs per day as docs Nccalni murncait'; Dr Ken- 
drick in Madras informs me th.at he is of the same opinion and we ourselves 
have some evidence to the same effect \ hundred eggs per gram, therefore 
would represent a onuch smaller mimher of ankvlostomes Ankvlostomcs 
how'ever, are at least twice and we believe at least three times as harmful as 
necators therefore 100 eggs per gram imv be considered for the present as 
represenhng, roughly, approximatelv the same dcgiee of sev'critv of infection 
whether necators or ankvlostomcs arc present, nr anv proportion of the two 
Furthermore, in children, since the stools arc smaller, the concentration of (he 
eggs IS greater, therefore 100, eggs per gr.am would represent fewer worms 
than in adults But since there is good evidence that a given degree of infection 
IS more harmful in children than in adults, again a statement of the number of 
eggs per gram gives a fair rough indication of the seventy of the infection as 
compared with adults We bclievT therefore that a statement of eggs per gram 
gives a much better basis of comparison than docs an estimate of the number of 
wmrms present and for this reason we have not interpreted our egg counts into 
terms of number of wmrms 


'The degree of infection which can be considered harmful cannot he fixed 
except very roughly There are those who look upon anv hookworm infection 
s ehmtely pathogenic, but recent investigations have, fortunately made tins 
inui^"t tmtenable No doubt even a single hookworm docs some 

thatTt J’s nf 1 S ’ndividiml, is so easily compensated 

stmptoms ^ consequence Even when no evidence or measurable 

honLav hookworm infcc- 

:>e entirely negligible It t.akes a certain amount of reserve vitalit)' 
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Da\is’ (1924) findings in what he speaks of as a lightly infected area in Brtai] 
Onlv one single infection m 287 examinations in villages in the Brahmaputra 
valley exceeded 5,000 eggs per gram, and only three others fell between 2,000 and 
5,000 In villages in the Surma valley the average incidence in group 6 was 
3 8 per cent, and m group 5 3 9 per cent On Assam gardens the degree of in- 
fection is practically the same as in the villages, although on a garden studied in 
Cachar the infection, m spite of the fact that practically no treatments or control 
measures had been instituted, was surprisingly low in the group studied 

In the hills of Assam the degree of infection is in most places distinctly loiver 
than in the valleys, and m the places investigated varied from an index of 80 to 
212 Nevertheless, not a single infection was found among 271 hill people 
examined in which the eggs per gram exceeded the 600 to 2,000 group For all 
practical purposes, therefore, hookworm may be ignored m the Assam hills just 
as in the Burma hills 


Bengal and Bihar and Orissa 

In Bengal tlie incidence of infection is high, averaging about 80 per cent, but 
the degree of infection everywhere in the plains, except in the Dooars tea 
gardens, is very low , it coi responds with what is found m a heavily infected area 
after a successful treatment campaign In the south central portion of Eastern 
Bengal where latrines or standing places are in general use, the index of infection 
IS well below 100, and in the Sunderbans it is below 50 Sucli degrees of infec- 
tion can be entirely ignored In many other localities in different parts of the 
province the index of infection falls below 100, and nowhere in the plains does 
it reach 200 Only m the Darjeeling district and in the Dooars tea gardens is 
there any appreciable amount of hookworm In a village near Kahmpong the index 
of infection at the season of maximum infection was estimated to be 267, which 
corresponds with infections in the valleys of Assam On the Darjeeling tea 
gardens it appears to be more severe, for on the garden studied, in spite of the 
fact that 10 per cent of the coolies examined had been treated with thymol within 
the past year, the index of infection for the season of maximum infection was 
estimated to be over 400, which is higher than anywhere else in India except m 
the area described above m Burma A maximum index of about 400 was found 

on a tea estate in the Dooars also In Bihar and Orissa also the incidence o 

hookworm infections is very high but the degree is low The egg counts in Bihar 
were found to be somewhat higher than was anticipated m view of climatic condi 
tions in comparison witli Bengal, but Korke (1926) has shown that anc 3 lostonies 
are relatively much more frequent m Bihar than m Chota Nagpur or Orissa, or 
more than we have found them m Bengal, m fact he states that Aucyloslonta 
dnodcnalc is the predominant species m northern Bihar This being the case, 
our egg counts probably indicate fewer worms than do similar counts in Chota 
Nagpur or Bengal, but since ancylostomes are more injurious than necators, the 
index of infection derived from the egg counts are more or less directly com- 
parable if considered as an index of the damage done by the infection e 
index of infection in Bihar and Orissa lies in general between 75 and 125, an 
IS therefore somewhat lower than that of Bengal 
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,„fest..,o..s, 101 to 500 worms 5 

follows 1, ..cgouvc, 2, 25 to 300 eggs per g.^i, 3, -100 to 1,200 per gra^ 
TGOO to C,2OT eggs pe. gram , 5, 0,300 U. 12,500 eggs per gram , and 0, 12,000 

'cort e?srcimr(1920) du-uled tbe.r eases aeeo.dn.g to 
tioii as follows 1, iiegaPvc to egg comit, 2, 1 to 399 eggs per gram, , 

2 999 4 3,000 to 9,999, and 5, over 10,000 These eoimts are on the Ims.s of 
toinii stools, and include a high proportion of ancjdostomc eggs, therefore they 
represent much fewer worms than would similai counts in India lo make 
them rougWy comparalile with Indian counts it is necessary to dnidc them by 
two, for reasons mentioned above it is unnccessari, fioin a practical standpoint 
to make any correction for the higher nmnbcr of eggs produced b} nncyloslonics 
These groups, then, w'ould correspond to Indian egg counts .as follows 1 
negative, 2, 1 to 200 eggs per gram, 3, 200 to 1,000 eggs per gram, 4, 1,000 to 
5,000 eggs per gram and 5, over 5,000 eggs per gram According to Cort ct al, 
group 2 can he classed with the negatives so far as clinical disease is concerned, 
group 3 has a slight average reduction in htcmoglobin, and in this gronj) the 
infection may or may not be significant, m group 4 the niajonl) show a 
hzemogiolim reduction averaging about 12 points helow' the negatives, and in 
group 5 there is clearly severe hookw'orm disease wnlh an average haimoglobni 
reading of about 40 per cent 

Gordon (1925) m West Africa, m a study of 137 natives wnth various 
degrees of infections, found that the hookw'orm infections, 10 of wdiich ranged 
from 11,200 to 23,100 eggs per gram, produced no noticeable effects on the 
hasmoglobm percentage, the physique and general fitness, or the mentality of tlie 
cases examined, but the figures suggest the possibility of some association between 
ancylostome infections of more than 15,000 eggs per gram of faeces and the low 
standard of energy observed in such cases The individuals studied w'ere youthb 
attending school, city police, and gaol prisoners, — all probably w^ell nourished, 
healthy, and not overworked individuals, i e , individuals wnth every advantage 
in their favour m the struggle against' the effect of the worms, including a 
possible racial immunity This work is significant m showing what heavy hook- 
worm infections can be harboured under otherwise favourable conditions with- 
out evident injury, but it cannot be applied to the mass of rural Indians 

It will be noted that our grouping ,s a little Afferent from that of ether 
Smil he or Cort In some ways it would have been preferable if all investigator! 
ad been able to agree on a uniform grouping, but on the other hand it is advan- 
ageous, mst^d of adopting an arbitrary grouping, to divide the cases m accord- 
ance with what appears to be a natural grouping takins- into cnncirtp t 
conditions m the particular country involved ^ consideration the 

We feel that we can say with confidence that our orouns 1 9 ^r,A ,u 

egg counts up to 500 per gram, can be entirely ignored for I f ^ 

so far as health is concerned, even m children A count of 500 Purpose! 
-n an adult with a necator infection would represent an infectmn S 

U 
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amount of hook\Aorm is undoubtedly relatively higher, with an index of infection 
somewhere between 200 and 300, it is, therefore, comparable with the Assam 
valley 

Madras Presidency has within its limits almost eiery degree of hookworm 
infection which can be found in India In the Deccan there is practically no hook- 
worm, in the central part of the peninsula there is a high incidence of very light 
mfeePons, with indices a little above or below 100, on the east coast north of 
Nellore, except at the foot of the Eastern Ghats, the index of infection lies 
between 150 and 200, and is comparable with the infected areas of Bengal, on 
the east coast from Tanjore to Nellore, at the foot of the Eastern Ghats north 
of Nellore, and m the south Kanara district on the west coast, the index of infec- 
tion exceeds 200 and is comparable with the Assam valleys , and on the w est coast 
from the Malabar district to southern Travancore it exceeds 300, particularly on 
the tea estates This is about equal to the infection in the most severely infected 
areas m the Assam valleys, but not as high as in the most severely infected 
parts of Burma or in the Darjeeling tea gardens 

BAR DIAGRAMS 

The bar diagrams Nos 1 to 9 (Graphs 1 to 9) show graphically the amount 
of hookworm infection in the various localities studied m each of the divisions of 
India Diagram No 10 (Graph 10) shows in a similar way the amount of infec- 
tion found by other workers in certain other parts of the world, A comparison 
of this with tile Indian diagrams shows at once that only in very few localities in 
India IS the degree of infection equivalent with badly infected areas in other parts 
of the world Since the various workers from whose data these foreign graphs 
were constructed group their infections in different ways, the same shading as w'as 
used for the India bar diagrams was not always possible In every case the 
egg counts have been reduced to the basis of mushy stools to be comparable with 
Indian egg counts Graph A, for Freetown, Sierra Leone, was constructed from 
egg counts made by Gordon (1925) on school youtlis, policemen and jail prisoners 
in that city Graph B was constructed from egg counts given by Cort, Grant and 
Stoll et al (1926) for mulberry workers (both sexes combined) in the Ta Chien 
Meng region of Kiangsu Graphs C and D were constnicted from data based 
on numbers of worms, given by Smillie and Augustine (1925) for White school 
children in Alabama In constructing these two graphs 100 eggs per gram were 
estimated for every 8 worms Graphs E and F were constructed from egg 
count data given by Pavne, Cort and Riley (1923) for people living on sugar 
and coffee estates m Porto Rico Graph F is for the same group as Graph E, 
after treatment It will be noticed that the grade of infection after treatment 
IS higher than in most parts of India without treatment Graph G was constructed 
from egg count data given by Davis (1924) for a group of residents of a town of 
10,000 population in a nce-growing district in the state of Dio Grande do Sul, 
Brazil and described by him as ‘ an area lightly infested with hookworm ’ The 
males in the group were artisans and town workers, not agricultural labourers 
Nevertheless, extremely few localities in India, outside of tea gardens, have as 
much infection 
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,„dK mmber whcli uoi.U «nt M a ta«s for comparison liy coinlnnmg Itio 
incidence nnd degree of iiifcclion in sncli o n.iy ns to InKc nccmnit of llic dislriliii-- 
lion of tlic infections If all llie nifccloil iiuliMilnnls Mere npproMiiialcl) cillinlly 
infected wc ivoiild lime oiilj too g.oiips to deal mill, llic iiifecled .-llid lie 
uninfected, but such a condition is \cn' rarcU found Wc l)clic\c lliat the 
distinction between individuals \\itli no liookwonns and those with \'nr>'ing 
numbers from only one oi two up to hundreds or thousands is arhitrarj and of 
little value A distinction hetween individuals harhounufr a numlnr of worms 
insufficient to produce harmful effects and those harhounug a luimhcr suflicicnt 
to produce distinct chnic.al symptoms would be of much Rrcalcr calne Of still 
greater ralue is a senes of groups such as those described ahn\c, divided according 
to degrees of infection as indicated by egg counts If wc duidcd the indnidiials 
into only tw^o groups, the umnfcctcd and the infected wc could arrnc at an 
index of infection b) multiplying the a\cragc eggs per gram for the entire 
community'' by the percentage of infection, and taking the square root m order 
to reduce the niunliers to a reasonable range T he same result w ould he 
obtained by multipl>ing the average egg counts (i c , 1 IlOO of the eggs i>cr gram! 
of the infected individuals bj the square of the percentage and getting the square 
root The same principle can be used, and a much more accurate index of infec- 
tion obtained, by using this method of calculation for each of the arbitrary groups, 
divided according to degree of infection, and adding the totals to obtain the 
index of infection for the entire communitj’’ For example, if of 100 mduiduaib 
examined in a commumtsq 20 per cent had infections with less than 100 eggs per 
gram (average 40), 20 per cent had from 100 to 500 eggs per gfam (a^c^lge 
200), 25 per cent had from 600 to 2,000 eggs per gram (aicrage 1,200), and 
20 per cent had from 2,100 to 5,000 eggs per gram (aieragc 3,000), 
the index of infection w'ould be calculated by the following equation 


V'04v202-t-A/2x20’‘-fv'l2x252-Pi/30y20“=33-f25+69-}-110 = 227. If the 

individuals were merely dnided into uninfected and infected groups, and the 
average eggs per gram, which in this example comes to 1,138, were multiplied 
by the percentage of infection (85), the index of infection obtained b} taking 
the square root of the product w’ould be 310 This w^ould assume that each one 
of the 85 infected indnndiuals out of die 100 examined has a moderately hcaiy 
infection of 1,138 eggs per gram, whereas, as matter of fact, nearly half of the 
infected individuals have an average of only 145 eggs per gram The distribu- 
tion of the infections, therefore, is taken into consideration as well as the total 
percentage and the degree of infection It has been suggested to me thar \ 
stiitement o! the rnadence of infection and the average !L per gram for the 
entire coi,™„„,ty ivonld give a sufficiently accurate indieat™ o I Tookt o™ 
situation, but the example quoted above shows the fallacy in this FnX 
a single index number, if ,l actually does give a fair Msw fe ^'’^liermore, 

more useful than a set of figures which have to be combined in TksMm’ 
m order to make a direct comnanson Wo u-, ^ student s mind 

fection as d^enbed above for about 150 different ircthtL ^rindV^^'d^ 

convinced that the index numbers obtained give a bas for cn ™ 

IS as accurate as any single numbers can be aT lud.ef Iiv a ''Ihcll 

ue ds judged by a careful consideration 
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The outslamlmg rc.„ll <il ..ncsI.R.-.l.on^ ... M»tc 

la=e ?s prltically ..o..-cms.p..I ... ...ns, places, a..,l l......a ,o .. r. a,..cly 

tall pcrcLgc of ,l.c ,,o,...lat..... c.cn ... H.c ...-, scrrcK aireacl areas 

Only m very few local.l.cs ... Iml.a (s.m.c pljcis ... I...r.i.... .....| .... some - 
leelmg and Dooars tea estates) does tl.e ...dev of ...feU.o.. esce.,1 .1OT Im, 
’comparison, ,t may lie pomlcd o.U tl.at ..., sonic l.c.n.U mfecle.l areas ... Il.c \\ t 
Indies, eg, area C ... Porto R.co (Pajne, Co, I .,,.,1 R.ley, 192^), the ...des of 
...feclion approached 600 and ... some rural school eh.I.Irc., ... parts of Alahama 
(Smilhe and Augustine, 192S) U exceeds SOO 


Btiini N 

In Burma the degree of infection \aric5 mudi more than in nn> other pro- 
itiice except Madras In the della region of Burma where the ground !'« nearly 
all under ivater in the ram) beabon, the use of liitrincb is \cr) jircNalent among 
the Burmese, tliough not among the Indians wdio ha\c settled there, coiivcfjucnfh 
tliere is a very marked difference between these two races in their degrees of in- 
fection Among the Burmese the average eggs jicr gram m Jul) \. tried from 
about 220 to 460, and the index of infection from lOS to 176 Three ]Kr cent 
or less of them fall into our groups 6 and 7, and from 2 to 3 per cent m group 
5 The Indians, on the other hand, and the Burmese who li\c on the bonier ancl 
between the wet and drv zones, wdierc the ground ib not snlTicicnll) flooded to be 
conducive to the construction of latrines, the a\cragc eggs jier gram arc about 
1,380 and the index of infection 440 or more, 5 5 to 8 per cent of them fall m 
groups 6 and 7 and 12 to 20 per cent in group 5 'J'his is the most bcxcrc degree 
of infection which we have found m any part of India It is about ccjiiivalcnt to 
the infection m the mulberry workers in China (the most scvcrel) infected group 
in that country) Rural school children in Covington County, Alabama, according 
to figures given by Smillie and Augustine (1925), have an index of infection 
certainly in excess of 500 This maximum Indian infection is i)Jso much lower 
m degree than that found in heavily infected areas m the West Indies wdnen 
have not been affected by control measures Fortunately, the intermediate /one 
m Burma where this relatively high degree of infection occurs is small, and m 
the delta area it is limited to the relatively small Jndian portion of the population 
. In the dry zone of Burma there is practicall) no hookw^orm, and m the northern 
parts and in the Chm and Shan hills the index of infection (121 to 236) is ton 
low to be of any serious consequence ^ 


Assam 

In Assam the degree of infection is fairly high as n 

of India m the Brahmaputra and Surma valleys particular^ on the \ ° 

In the npper Brahmaputra valley the ...clex of ,.;fect,on corrected forlf " 
of maximmu mfeclion, ranges from about 200 to 300 .vh.le m tl, Q 
.t .s a httle above or below 300 Th.s, ho.vdver, is considerlly 
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Graph No 6 
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UN1T1.D Provinccs and Cdntual India 
In the United Provinces it is quite prolmble that ancylostomes arc at least 
as frequent relative to necators as they arc in Bihar, otherwise it is improbable 
that the egg counts would be as high as they arc The index of infection is 
actually higher in eastern and northern United Provinces tlian it is in Bengal in 
spite of less favourable climatic conditions, but, as m tbe case of Biliar, the 
number of woims harboured is probably fewer, whereas the seventy of the in- 
fection IS greater on account of tlie piedominance of ancylostomes The index 
of infection in the eastern and northern parts of the United Provinces exceeds 
200, and gradually decreases towards the south-west In the Bundclkhand hook- 
worm IS almost completeh absent, and cntirclv negligible in the doab bctw'ccn 
the Ganges and Jumna rivers A degree of infection comparable with Cbola, 
Nagpur occurs m the eastern parts of the Central Provinces, in the ricc-growing 
valleys of Bilaspur and Raipur districts In othci parts of the Central Provinces 
and in Central India the index of infection is at most a little o\cr 100 (eg, 
Jubbulpur) and in most places, especially in the areas with black cotton soil, 
is far below 100 and entirely negligible 


NouTlI-WLSTfRN InDIA 

The entire north-western part of India (Punjab, Kashmir, North-west 
Frontier Province, Sind and Rajputana) is for all practical purposes entirely 
free from hookw^orm There is a belt along the eastern and northern borders 
of the Punjab, including also the eastern part of Rajputana, wdicre there is a 
fairly high incidence (60 to 70 per cent) of very light infections, but infections 
severe enough to be of pathogenic significance are practically unknown Else- 
where in north-west India only sporadic cases of very light infections occur 


Deccan and Western India 

The entire Deccan is practically free from hookw^orm, especially in the 
jvestem part, where even extremely light infections arc very rare Now'liere in 
the Deccan does the index of infection reach 100, sucli a degree of infection is 
entirely negligible Kathiawar and Gujerat are also practically free, altiiougli near 
Baroda, in the path of the northern extremity of the south-east monsoon as it 
sweeps inland, there is a high incidence of light infection 

The only part of Bombay Presidency which has any appreciable amount of 
infection is the so-called Konkan, or coastal strip, from Bombay south Unfor- 
tunately we were unable to mvesugate any villages in this area south of Bombay 
but a comparison of the climatic conditions and habits of the people with thos<’’ 
on the Malabar Coast of Madras lea^es no room for doubt but that a moderate 
degree of hookworm exists there, with an index of infection somewhere near 200 


OUUTH INDIA 

Mysore IS practically free -from hookworm, with indices of infection below 
100, except the western Torder of the state, on the crest of the Wes ern G ^ 1 ! 
Here and in Coorg, where there^are extensive coffee and other plantation;, (he 
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Trichuris infection is picked up, since the streams do not act as reservoirs or 
traps in •which the worm eggs can accumulate, the eggs are earned aivay by 
the flowing water and even the back waters and quiet pools along the sides are 
flushed out during heavy rams Some of the Indian tribes, particularly the 
Santals and some other Chota Nagpur races, are very particular about the 
source of their drinking water, and never take it from surface tanks or stagnant 
water courses, they use wells with raised edges in their villages, and when awav 
from home, instead of drinking even from flowing streams they dig holes in the 
sand or gravel along -the sides of the stream and drink the water which filters 
into it The Shans in Burma arc also very particular As would be expected, 
Ascaris and Tnehuns infections are very rare among these people 
\ As intimated above, there are some instances where prevalent Ascans infec- 
tions exist without any evident gross pollution of the drinking water Such 
localities are always places m which there is a heavy rainfall Tea garden 
coolies always have a high incidence and also a high degree of Ascans mfection*:, 
even when the water supply appears to be above reproach We have examined 
large series of tea garden coolies in all the principal tea-grownng districts of 
India — the Assam valley, Cachar, Sylhet, Dooars, Darjeeling distnct, and the 
Wynaad of South India, and the incidence of Ascans infections has alway-) 
exceeded 60 and in most places exceeds 80 Tnehuns infections are approxi- 
mately parallel and range from 60 to 95 per cent On many estates m the Assam 
valley drinking water is taken from water-filled depressions known as hulas, 
which are grossly polluted, especially in the dry season when there is no water 
in them In the hilly Darjeeling estates, however, there are no ground tanks 
or pools which could possibly become grossly polluted, for the gardens and 
coolie lines are situated on steep slopes where only running water is available 
In the lines studied on the Tukvar garden, which has 84 per cent Ascans 
infections and 85 per cent Tnehuns infections, the water was piped from a 
mountain spring into an elevated tank from which it was withdrawn from 
spigots On one garden in the Dooars water was piped from an unpolluted 
mountain stream in the Bhutan hills some ten miles distant, and drawn from 
spigots In Sylhet the garden studied was supplied with deep ‘ ring wells ’ 
with raised edges, certainly above suspicion of gross pollution On one garden 
in the Wynaad area, where there were 73 per cent of Ascaris infections, there 
is a well with raised walls and no tanks or ditches, on another with 75 per cent 
Ascaris infections the water is piped from a distant reservoir, and on another 
with 61 per cent of Ascaris infections there is a well not provided with walls 
but not obviously subject to pollution It is difficult to understand this uniformly 
high incidence of Ascaris infections on tea gardens, since it apparently cannot 
be correlated in many cases with pollution of the drinking water Some infection 
can undoubtedly be picked up by washing out the mouth, when bathing with 
polluted water which is not used for drinking, but this would probably not 
account for the majority of the infections There appears to be some factor 
involved m the transmission of Ascaris and Tnehuns infections on tea gardens 
which we have so f^r been unable to indentify A similar condition exists m 
all places which have very heavy rainfalls, even in hilly places where the ground 
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We have so far considered Ascans and Tncliiins infections together, on the 
assumption that both were aifected in much the same way by tlie factors discussed 
above The incidences of infection with these two worms are m most cases 
fairly closely parallel, although Trichuris infections, as a rule but not always, 
are slightly less numerous than Ascans infections There are, however, a few 
instances where the two infections are not parallel, indicating that although both 
are probably primarily dependent on the pollution of drinking water for their 
transmission, the conditions favouring one may not be favourable for the other 
We found only two instances where Trichuris infections were strikingly moie 
abundant than Ascans infections One was in a group of Sauna pahanas in 
the Rajmahal hills of south-eastern Bihar, where 12 per cent of Trichuris 
infections were found and no Ascans infections These people obtained their 
water from a mountain spring surrounded by a fence to keep off animals, where 
gross pollution seemed out of the question The other instance was among the 
Mampuns, who had 27 1 per cent Trichuris infections and 8 6 per cent Ascans 
infections These people use latrines as a rule, and their water is gencrallv 
obtained from wells free from pollution We found a number of instance^, 
however, where Ascans infections were out of proportion to Trichuris infections 
Our observations lead us to believe that Trichuris eggs are more susceptible to 
injury by desiccation than are Ascans eggs, since in dry parts of the country 
where Ascans infections ate comparatively rare, Tnehuns infections are much 
rarer still and often entirely absent Of 5,032 examinations made m dry areas 
the average Ascans infection was 7 7 per cent and the average Trichuris 
infection 2 4 per cent, which is less than one-third The most striking instance 
of excess of Ascans over Trichuris infections was in a village near Dharwar in 
the southern Bombay Deccan Here 82 per cent of Ascans infections were 
found and only 1 per cent of Tnehuns infection At Hassan on the Mysore 
plateau there were 57 3 per cent of Ascans infections and no Tnehuns, and near 
Bangalore 44 8 per cent of Ascans and no Tnehuns Near Ootacamund there 
were 90 6 per cent of Ascans and only 37 3 per cent of Tnehuns These 
instances clearly point to some epidemiological factor which is necessary for the 
propagation of Tnehuns infections which is not necessary for Ascans, but our 
studies of the local conditions gave us no strong clue as to what this factor 
might be Only one possible explanation presented itself at Dharwar and 
Bangalore, in these places the principal sources of Ascans infections had been 
done away with within the past two to four years and were no longer operative , 
it is theoretically possible that Ascans is much longer lived than Tnehuns ani 
that the majonty of the Ascans infections had been acquired several years before, 
while the Tnehuns infections acquired at the same time had been lost Map 
No 2 shows the general distnbution of Ascans infections in India 

OTHER NEMATODE INFECTIONS 

Tnchostrongyhis In every province in India occasional samples of stools 
are found which contain Tnchostrongyhis eggs, but their distribution is as a 
rule very uneven The most regular occurrence of this infection is in Rajputana 
and the Punjab, where about one per cent is found in almost every village It 
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stage and \ery few contained embryos Rhabditiform embryos dc\ eloped in 
cultures, but the development did not proceed further to the production of 
filariform embrj^os or sexual forms It is uncertain whether these eggs represent 
a true human parasite, or belong to a free-living coprophagous species which 
entered the stools from the soil, but the failure of adult forms to develop in 
culture makes the latter highly improbable 

GiiatJwstoincs Gnathostome eggs were found in human stools on three 
occasions once at Kamawet, near Moulmein, once at Aungbingle, near Mandalay 
in Burma, and once at Errai, near Bhadrak, Orissa Unfortunately all three of 
these samples were collected from unidentified stools in defaecation areas near 
the villages They had every appearance of being human stools, one contained 
hookworm, Ascaris, Trichuri'; and Strongyloides also, one hookworm, Ascarib 
and Tnehuns, and one onl> hookworm and Ascaris, the latter was found in x 
much-frequented deftecation area in a village with no pigs It is within tlK 
range of possibilities that these might have been dog stools which stronglj 
resembled human stools, though I think it highly improbable Gmihosioma 
spungemm has hitherto been recorded as a human parasite only m an immature 
state, in subcutaneous cysts, obviously having wandered to an abnormal habitat 
in an abnormal host, but if able to develop thus far in man it does not appear 
improbable that they might be able to reach full maturity and produce fertile 
eggs if they succeeded in reaching their proper location m the walls of the 
stomach The infection is very common in cats in Calcutta, and larval cysts 
are abundant in Bengal snakes Since snakes are not uncommonly eaten, 
especially by some Burmese races, there must be plenty of opportunity for human 
infection to occur 

Guinca-xvorm Our information concerning the distribution and epidemiology 
of guinea-worm infections has been obtained principally from answers to ques- 
tionnaires sent to civil surgeons and public health officers in parts of the country 
where the presence of the worm was suspected The infection is not endemic, so 
far as can be ascertained, in Burma, Assam, Bengal, Bihar and Orissa, or the 
United Provinces, unless in the south-west In the Punjab there is an endemic 
focus at the foot of the Himalayas m Hoshiarpur district and neighbouring parts 
of Kashmir, winch probably extends all along the foot of the mountains to the 
north-west frontier It occurs locally in nearly all parts of the North West 
Frontier Province and in the adjoining districts of western Punjab, especially m 
Attock, Mianwah and Dera Ghazi Khan distncts and the northern and western 
parts of Shahpur district It also occurs in Hissar district adjoining Bikaner 
State, and in nearly the whole of Rajputana, especially south-east of a line drawn 
from the north-\vestern border of TJdaipur State to Jaipur It is common locally 
tliroughout nearly all parts of Central India and Bombay except Cutch and Smd, 
east to about the middle of the Central Provinces, m this area it is commonest 
in the Bombay Deccan It is locally common in Hyderabad and Mysore States 
and in the dner parts of Madras It appears to be absent from both die west 
and CdSt coasts of Madras, even where step-wells or ground tanks are in use 

Throughout all the localities where guinea-worm infections occur, it is defi- 
nitely associated wuth the use of step-wells (baolis) or tanks as a source of drinking 
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ASCARIS AND TRICHURTS INFECTIONS 
Our observations indicate that the mam souicc of Ascaris and Trichuns 
mfections is drinking water winch has hcen grossly polluted hy faeces containing 
ee?s of these worms In most jiarls of the countiy thcic is a very close 
correlation between the amount of these mfections and the extent to which the 
drinking natei is polluted Freedom from Ascaris infections is always associated 
with freedom of the dunking watci from suspicion of gross pollution, though 
conversely the presence of infection is not always associated with obvious pollution 
of the water In parts of the country where the rainfall is light so thr\t the 
country is not extensively flooded, and where well constructed wells vith raised 
rims serve as the exclusive or at least the principal source of dnukmg w.ilc'", 
Ascaris infections are rare oi absent, and Trichuns infections almost al\\a>s 
absent In Bengal, Assam, Orissa and some parts of ^fadras, uhcrc the rainfall 
IS heavy and surface water abundant during the monsoon season, and where, 
polluted ground tanks are used both for bathing and drinking, both '\scans and 
Trichuns infections are very common An excellent ojijiortunit) to obscr\e 
the effect of gross pollution of ground tanks used for drinking water was 
funnshed in the flooded parts of Eastern Bengal, where the habitations arc 
built on patches of raised land wdiich to all in' cuts and purposes arc island-) 
during the monsoon season Near Gournadi wc found two such ‘islands’ 
which were only separated from each other by a canal with raised cmbankmenl^ 
One was a small area with 23 households, and a single tank from which all 
the families obtained drinking water, this tank was so located with reference 
to the defascation sites that gross pollution could verv rarely if ever occur Only 
3 stool samples ( 7 per cent) of 66 collected from this locality contained 
Ascans eggs, and 6 (9 4 per cent) contained Trichuns eggs The other 
‘ island ’ w'as a much larger area w'lth over 100 households and w ith a number 


of drinking-water tanks The size of the raised area made it impracticable 
to have all the defascation sites located around the margins, and m man} place:, 
these sites w^ere very near the banks of the tanks, so that large quantities of 
faecal material would w^ash into them during rams Of 35 stool samples examined 
from this locality no less than 28 (SO per cent) contained Ascaris eggs and 12 
(34 per cent) contained Trichuns eggs The Ascaris eggs were, therefore, 
seventeen times as frequent on this ‘ island ’ as on the smaller one So far 
as could be discovered from a very careful investigation of environment habits 
and hying conditions of the people, the pollution of the drinking water was 
the only essential difference between them It would be difficult to plan a more 
conclusive expenment with respect to the relationship of contaminated drinking 
water and Ascans mfechons Another natural experiment was found at Gosaba 
the Sunderbans of Bengal Here the salinity of water m the canals and 

107 examinahons made m thi. place 
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infection was recorded by Knowles et al (1923) in a Kuki from the Manipur 
hills near Cachar, but it would appear more probable that this was really an 
Opisthordiib infection No other indigenous case of Clonorchis has ever been 
recorded in India either in men or animals, whereas Opisthorchis infections arc 
very common in cats and dogs in eastern India 

Schistosome infections appeal not to have established themselves in India, 
in spite of frequent importation of the African species by British and Portuguese 
troops, and of S japom-cnin by Chinese Much interest was aroused by the 
finding of nine cases of S japomcmn infection in Chinese at Namtu in the 
northern Shan States of Burma, but eight of these gave a definite history of 
residence or visits to Yunan, China, within recent years We found no cases 
among native races either in the Shan States or in other parts of Burma, and 
think It unlikely that the infection has actually become endemic 

Of special interest was the finding of two cases of infection with an unknown 
schistosome, the eggs of which are different from the described eggs of anv 
known species either m man or animals It is probably normally parasitic in 
pigs, goats, or some other domestic animals, and only accidentally parasitic in 
man One case occurred in a village near Krishnagar in central Bengal and the 
other near Kalimpong in the Darjeeling district This species has provisionally 
been named Schistosoma 'incognitum {see Chandler, 1926d) 

Hymenolepis nana Contrary to the general opinion heretofore, Hymenolcpis 
liana is a comparatively common parasite in many parts of India, although there 
are some parts in which it is almost completely absent Cases of infection arc 
very rare '■in Burma except in the dry zone, m all parts of Assam except the 
Manipur valley, in all but the western tier of districts in Bengal, in Orissa, in 
Bihar, on the west coast of Bombay and south India, and on the Coromandel 
Coast It is much commoner in the central and north-western parts of the 
country, and approximates 10 per cent in the Punjab and 18 per cent in the 
Central India Agency The highest incidence observed in any single locality 
was among the miners and their families in a colliery in the Asansol mining 
distnct, where 21 of 75 individuals examined (28 per cent) harboured this 
parasite 

In a separate publication (Chandler, 1927) I have called attention to the 
remarkable relationship of H nana infections to plague on the one hand and to 
Ascaris and Trichuns infections on the other Reference to Maps 2 and 3 will 
'■how that the distributions of H nana and A^caris are almost directly opposite, 
m those localities where H nana infections are common Ascans and Tnchurii 
infections are relatively or entirely absent, whereas in localities where H nana 
infections are rare or absent Ascans and Trichuns infections are strikingl> 
prevalent The indirect ratio is so marked that a suspicion was aroused 
that the presence of Ascans in the intestine might in itself be prejudicial 
to the existence of H nana This, however, does not appear to be so, for in 
intennediate localities where both Ascaris and Hymenolepis nana occur in a 
s— 'all percentage of cases, both worms occurred together in one individual 1 1 
about the proportion of cases which would he expected from a mathematical 
calculation 
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t flnnftofl Tn lower Burma Ascaiis and Trichtins infccUon'; .ire 

Iln-O. „n,vc,«lly me. 1, .be Bnr,™. ,,copfc 
IStrwa er s ficquenlly olHamcd from tank-hke ells sunk m Ike ground M 
of flooding these might become grossly polluted, but then depth ,s gci^ral y 
sufficient so that the worm eggs would not commonly be withdrawn 
wa“ Lkets, we believe that here as on the te.a gardens there is anotl r 
source of Ascaris and Trichurts mfcclions which we have so far not been aide 
to discover The races living m the Assam and Himalaya hills where the r.am- 
fall IS high are all heavily infected, and the same is true of the pcoidc on the 
wet Karnara and Malabar coasts of south India, the latter commonly use wells 
whicli,arc unprotected by walls but which rrcciucnlly do not appear to be subjtn 
to gross pollution 

We are convinced that flies and dust can be barred as important means n; 
transmission of Ascaris and Tncburis infections, since in the drier parts of both 
India and Burma where there is every oiiportunity for the=c factors to come 
into play, Ascans infections and Tnehuns infections arc rare or 
absent 

Conditions in north-west India suggest that Ascaris eggs, and to an c\cn 
greater extent Tnehuns eggs, arc more susccjitililc to destruction hy desiccation 
than IS commonlj believed, at least nhen exposed to bigh temperatures, and llial 
a few days’ exposure to the blazing sun of these semi-desert countries must be 
sufficient to kill them In many parts of the ncslcrn Punjab, R.ajputana, and 
the North West Frontier Province there arc tanks dug, ami often lined with 
brick or cement to catch ram water during the occasional hca\y falls m tlic 
monsoon season The surface water flous into these from the surrounding 
country which slopes towards the tanks, the flow often being facilitated b} ditcher 
or small stream beds No care is taken to prevent pollution of the dopes or 
stream beds near the tanks, and if the tank happens to be near a Milage, numerous 
old and fresh stools can be ob3er\'cd in these places Much faical material and 
any contained Ascaris and Tnehuns eggs must hicvitahlj'’ he washed into the 
tanks with the rain Since this water is used for driukuig, and in some ca«c, 
IS the pnncipal source of dnnking water for a part of the )car, one might 
reasonably expect to find a fair number of Ascaris and Tnehuns infections 
evertheless, this is not the case , in a village studied near Bikaner the sole source 
of water was a tank such as that described above, with abundant pollution all 
a Tnehuns infections were found there Near 

sides did Kotah m Rajputana the wells, although with cement 

our surmise ’is correct 

,in a hot sun at a high temperatmf theif 'Tl™’ T'’ '>>’ 'lo^ocatioi, 

stools which had been deposited with ' T" ™ ^ fow 
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Tama Smce taenia eggs do not occur regularly in the stools, our methods 
of examination do not demonstrate the true incidence of infections with tape- 
worms of this genus Among Hindus 7'ama saginata is, as would be expected, 
practically absent, and among Mohammedans it is rare It occurs in a small 
percentage of cases, certainly well under 1 per cent, among the lower castes in 
all parts of the country We found it to be common only in two races in India, 
namely the Bhutiyas and Tibetans in northern India, and the Shans m Burma 
We found 3 tsenia infections in 100 stools collected near Kalimpong but about 
80 per cent of these stools were from Nepalese and not Bhutiyas Dr McDonald 
Smith of the Charteris Hospital, Kalimpong, showed me hospital records of 70 
tenia infections in 1,400 admissions m one year, almost all of them in Bhutiyas 
and Tibetans, although not more than about one-fourth of the admissions were 
people of these races Our own and Dr Smith’s records would indicate at least 
a 20 per cent infection among the Bhutiyas and Tibetans, and it is' probably much 
higher than this A dozen random specimens sent by Dr Smith from the 
Charteris Hospital all proved to be Tama saginata, though it would appear 
probable that Tama soltum is present also Among the Shans whom we examined 
m the Shan States m Burma we found about 5 per cent harbouring Tama saginata, 
both in the northern and the southern Shan States The actual incidence of the 
infection is probably greater than this 

Other tape-worms No other tape-worms were found in our survey, but 
in the course of our hospital work we discovered a case of infection with 
Bertiella satyn, the second human case on record (Chandler, 1925b) This 
occurred m a Hindu child resident in Calcutta, who had visited Bihar and Orissa 


SUGGESTIONS FOR THE FURTHER REDUCTION OF 
HELMINTHIC INFECTIONS 

It IS evident from what has already been said that the degree of hookworm 
infection in most parts of India is not severe enough to warrant any radical 
measures for its control Reduction of the infection is, of course, desirable m 
any place where any appreciable degree of infection occurs, provided this can 
be obtained without a great outlay of money or time which might be directed 
against some other public health problem of greater importance 

Reduction in hookworm infection can be brought about either by improve- 
ment in sanitary or other conditions leading to the prevention of the acquisition 
of infection, or by treatment The former is, of course, the only method which 
can bring about any permanent improvement, but it is inevitably slow and can 
^sometimes be aided and hastened to a great extent by a judicial use of mass 
treatments The latter by themselves can only be looked upon as temporary 
measures 

PRE\’ENTION OF PROMISCUOUS SOIL POLLUTION 

The ideal to be worked towards in the eradication of hookworm infection 
is prevention of pollution of the soil, and it can be said with certainty that m 
no place where climatic conditions are favourable will hookworm infections t 
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f„m,d hirlv regularly .n so, , them Ind.a aUo, where it averages al.out 0 5 
” ceT llrai: olcr paU, of .he country, however, ,t was <» 
he found in most of the Iocaht.es studied hut was common m a 
In Bengal and Assam, (or iiislauce, Trichostrongyh.s eggs were found only , 
two plaLs, namely near Mulnapore m western Bengal and near Rangamali n 
the Chittagong Hill Tracts between Bengal and Burma, yet near Rangama ^ 
no less than 5 of 21 samples contained eggs of this worm, and near Midnaporc 
the eggs were found m 17 of 97 stools examined Nine per cent were found near 
Peshawar, and 14 per cent near Srinagar in Kashmir It seems to occur qui c 
as frequently among Mohammedans as among Hindus, m spite of the fact tha 
the latter use cow-dung for many purposes for which it is not used by 
Mobammedans, and might therefore be more exposed to infection by the specie^ 
which normally live m cattle We have repeatedly tried to obtain specimens 
of Trichostrongylus from infected individuals by the administration of 
anthelmintics in order to determine the species, but have not been able to do 
so The eggs usually measure between 75 and 90/f m length, with a diameter of 
about 35 to 45 We have not been able to associate the occasional common 
occurrence of this parasite with any local conditions which might give a clue to 
Its epidemiology or mode of transmission 

Strongyloidcs Our method<; of investigation did not make it possible to 
determine with any degree of accuracy the prevalence of this infection, sincc 
we believe that as a rule the embryos in the stools would die in the containers 
when kept sevefal days before examination, and also because the DCF method 
of diagnosis does not bring to light the young embryos The interesting discover}' 
was made, however, that not infrequently filanform larvte are demonstrated by 
the D C F method in stool samples several days old Of 80 stools from one 
locality near Khulna, in Bengal, no less than 38 yielded filariform Strongjdoidcs 
larvas by the D C F method, and of 50 collected.near Jessore 7 contained these 
larvas Occasional similar cases have been found in other places, but never 
such high incidences as these The evidence from other sources indicates that 
the true incidence in Orissa is not less than 10 per cent, yet we found only a 
single infection in 175 examinations in Orissa Scattered infections were found 
m Burma, Bengal, Bihar and Orissa and eastern Central Provinces, but none 
at all in the drier parts of central, northern and western India We believe 
that the infection is even more dependent on a heavy rainfall than is hookworm 
and thrives best in wet and more or less flooded countries 

An unknown nematode Of special interest is the occurrence in the stools 
from some places in southern India of a nematode egg which we cannot assign 

anTuferrforf "’h™ 

at the time they were passed Evidpnfl development of these eggs 
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roots of trees, on sloping bamboo poles, on sawed-off bamboo stumps, on edges 
of pits or ditches with or without bricks or logs to stand on, or on bamboos laid 
across ditches or pits In some places it is customary in the wet season to 
defsecate over the side of a canoe into the water of canals or flooded fields Wide 
most of these modifications of promiscuous soil pollution cannot be considered 
by any means ideal from a sanitary standpoint, they unquestionably constitute a 
step forward If consistently used they very largely eliminate hookworm infec- 
tion, and the concentration of the def^ecation sites, if it does not to a certain 
extent protect the drinking water source from pollution, at least makes a partial 
protection more feasible 

There are only two other places m the Indian Empire, so far as we have 
been able to discover, where the use of any type of latrine is a general custom, 
namely the Manipur valley of Assam and the flooded areas of Eower Burma 
The Manipur latrines are for the most part of very primitive type, usually mere 
standing places built over or on the edges of ditches or pits, but the Burmese 
latrines are more elaborate structures witli the standing places built well up off 
the ground, and with protection of the faecal material from domestic animals by 
means of fencing 

In our opinion the sanitarian can do no better as a start than to encourage 
the use of these primitive departures from promiscuous soil pollution in the 
places where they already exist, and by education and exhortation to endeavour 
to make their use more universal among the children and men as well as the 
women, and to extend the custom on the borders of the areas where they already 
exist The introduction of such customs in places where they are not already 
in existence appeals to us as having distinct possibilities, education and 
demonstration would eventually bring results, although a great amount of 
patience would be required, especially at the beginning Education concerning 
the nature and manner of spread of hookworm infections, brought home bj 
suitable demonstrations, and followed by simple and practicable suggestions 
Avhich would strike at the root of the trouble, could accomplish much more 
than is generally believed The average rural Indian will readily grasp the 
ideas involved if care is taken to put them to him simply and in such a way 
as to appeal to his reason and prejudices The most effective way in which the 
dangers of standing on polluted ground can be brought home to these people 
IS a demonstration of nematodes extracted from soil by the Baermann apparatus, 
which IS simple enough to be included in the equipment of every sanitary worker 
(see Court et al, 1922) After a preliminary explanation in simple terms of the 
essential facts about hookworm propagation, a sample of moist soil should be 
taken from a place which was evidently polluted a few days before, such places 
are generally recognized by the mounds dug up by insects, a fact which is 
familiar to the Mllagers If one or two of the villagers, especially the headman, 
sees the soil taken and set up in the apparatus, there will be no question of 
incredulity when results are shown Next morning, or the same evening, after 
four or fire hours, about 10 cc of the water, containing the nematodes, can 
be drarvn off and allorved to settle for half an hour or more The nematodes 
can then be wnthdrawm from the bottom by means of a pipette, placed on a slide, 
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water where parts of the body come m contact w.th the water In some areas 
the infection is limited to a very few localities where such water snpp les ex. t 
althouffh all such drinking water sources do not serve as oci of infection f c 
„.;.est.onably hes^n the absence in some of these bacl.s and tanks of 
particular species of copepods which serve as intermedia e hos s, ‘'“ 'S ’ e 
Lson for their absence is not known Why the infection should be so der.n.tely 

limited to the western part of India it is difficult to say . , r 

Hciaodcra Eggs of this free-living nematode were found in stools from 
all parts of India, usually m not more than one or two per cent of the people 
examined, but occasionally in over 10 per cent We do not consider these of 
any practical importance or significance 

FLUKES 

There has been a suspicion in some quarters that fluke infections of one 
kitid or another would be found to be common m some parts of India Witli 
the single exception of the Manipur valley m Assam, we feel confident m 
saying that fluke infectious do not exist in India except as sporadic cases In 
the Manipur valley Fascwlopsis busPi has long been recognized as being of 
fairly frequent occurrence, and we found it m 6 per cent of 100 cases examined 
there It also occurs sporadically in other parts of Assam but docs not appear 
to be at all prevalent except in the Manipur valley Sporadic cases of infection 
with this parasite also occur m Bengal, Bihar and Onssa, and in Madra- 
Presidency It is very common in Bengal and Assam pigs, which undoubtcdl} 
serve as the reservoir for the infection The life history of this fluke has been 
shown to be very similar to that of Fasciola hcpaiica, and infection comes from 
eating water vegetation on A\hich the cercariie are encysted In Eastern Bengal, 
where we discovered three cases, we traced the infection to the eating of watci 
nuts known locally as ‘singara’ {Tiapa htcorms), which are commonly peeled 
by the teeth This is interesting in view of the fact that a closely related water 
plant has been identified as the chief source Of infection m Cliina 

Gastrodiscoidfis homum also occurs sporadically as a human parasite in 
Assam, though we ourselves did not find any cases of it Like Fasciolopsis, 
It IS a common parasite of pigs in eastern India 

In the Manipur valley we discovered a fairly common pscudo-parasitism 
with a large fluke of the germs Isoparorchis, locally confounded with Fasciolopsis. 
apparently acquired by devouring living flukes with the air-bladder of certain 
Silurid fishes The flukes caused a gaslro-intestmal disturbance which sent the 
men to the hospital where the flukes were eliminated after administration of 
anthelmintics There was every appearance of true parasitism m these instances 
Near Jhaiisi in the United Provinces we found a case m which fluke cups 
measuring 53 to 59 p by 34 to 40 p, and regularly oval m shape, were being 
passed These measurements do not correspond to those of any known liuman 
fluke, and we do not kmow what species was responsible for them 

We have found no endemic cases of Clonorchis or Opisthorchis in anv mn 
of India or Burma, in spile of the fact that Clonorchis infections 
common pants of both China and Indo^i.na A single ^ of Cl„„ondt 
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prevalence of this custom is greatest in the central and western parts of India 
which are largely unaffected by hookworm on account of climatic conditions, but 
there are a few places where the wearing of footgear can undoubtedly be credited 
with preventing a relatively heavy hookworm infection, notably in the eastern 
part of (the United Provinces and m the Shan States of Burma Even such 
simple types of footgear as the wooden soles or ‘ kharams ’ of the people of the 
United Provinces must have a very marked effect m controlling the degree of 
the infection Where such footgeai is already in extensive use, encouragement 
m extending their use, particularly when visiti,ng defaecation areas, appears 
decidedly hopeful It is always easier to make progress with the utilization and 
extension of an already existing custom than it is to introduce a aistom which 
IS foreign to the traditions of the people In the places mentioned, namely in 
the eastern United Ptovinces and the Shan States of Burma, ^he habit of wearing 
footgear can be turned to advantage far more easily than the introduction of 
simple latrines, which are foreign to them, whereas in such places as south- 
eastern Bengal the situation is reversed A general use of either habit would 
by Itself, in our estimation, be sufficient to bring the hookworm level down to a 
negligible point 

On tea estates every effort should be made to prevent the selection of 
defalcation areas in the gardens themselves, since the cultivated and shaded 
garden soil is more favourable for hookworm larval than the waste land outside, 
and IS a double source of danger, since infection is acquired not only by persons 
visiting the area for defalcation but also by coolies plucking tea bushes On 
most gardens there are drainage ditches already m existence which could be used 
with good effect as defaecation places When latrines are constructed for the 
use of coohes m or near their lines, special efforts should be made to see that 
they are so built and cared for that they do not become foul and smelly, other- 
wise the money spent on them is largely wasted 

In mines it is difficult to prevent defaecation in abandoned recesses and 
passages As I have pointed out elsewhere (Chandler, 1925) cockroaches 
constitute an important factor m the control of infection in tliese situations by 
devouring the stools and destroying a large proportion of the eggs during their 
passage through the proventriculus Suppression of rats in mines helps to 
encourage roaches 


MASS TREATMENTS 

If sanitary improvements can be developed to prevent re-infection, clinical 
improvement will, m our opinion, be rapid even if no treatments are given 
We have strong experimental and epidemiological evidence for the belief that 
hookworms harboured arc rapidly reduced m number m the absence of re-infec- 
tions, and w'e think that within a year all but the most severe infections would 
be reduced to a practically harmless leiel, and that most of the moderate 
infections w'ould reach this point within six months We have already shown 
that an annual dry season extending over four to six months has very much 
tile same effect on the hookw'orm intensity m a community as has a successful 
treatment campaign Nevertheless, mass treatments given during the time that 
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On the other hand there is a striking correlation between the dislribiilioii of 
H mm and plague In all localities where plague is common H mua is also 
common, in localities where plague' is rare or absent on account of conditions 
Avliich are adverse to an abundance of rats, H mna is also rare or absent, and 
in localities where rats are abundant but where special climatic conditions interfere 
with the development of plague bacilli in fleas, H itaiia is common 

The local distribution of H mm infections in India seems to me to throw 

a flood of light on the epidemiolog}^ of the infection The question as to whether 
the dwarf tapeworms of rats and of man are identical species, and whether 
human infection results from ingestion of eggs of rodent or human origin, has 
long been a matter of dispute among parasitologists If human infection 
commonly resulted from contamination of food or water by eggs of human origin, 
one wmuld expect some correlation between it and the other coprophagous infec- 
tions, such as Ascaris and Tnehuns, the directly opposite distribution of the tw'o 
infections is a practically invulnerable argument against the possibility of llicir 
harang essentially "the same mode of transmission On the other hand the 
striking correlation of H vaiia infections with an abundance of rats living m 

close association with man, and the similarity in the distribution of this infection 

w'lth that of plague wdien the special climatic conditions affecting the transmission 
of plague are taken into consideration, point very distinctly to rats as an importanr 
epidemiological factor in the distribution of H itam infections 

Although the general distribution of H mna infections in diflerent parts of 
India IS dependent on the abundance of rats, the more local incidence of the 
infection in villages vanes a great deal The reason for this local variation 
appears to be m the habits of the people wuth respect to the keeping of cooked 
food overnight to be eaten cold in the morning, especially when the people arc 
careless about keeping it well covered to protect it from rats, would be expected 
to increase the incidence of H nana infections if theSe are dependent on contamina- 
tion of food by rat droppings, and our investigations show that this is actually 
tlie case Probably the most careless people in this respect that w'e hare found 
were the coal miners in the Asansol mining settlement and it is significant that 
the group of miners studied there had the highest incidence of infection (28 
per cent) found anywhere m India 


Hymcnolcpts dmtnuta This worm is unquestionably primarily a rodent 
parasite, and only exceptionally a parasite of man, it has an intermediate host 
m a vanety of insects, including mealworms, which are presumabh the usual 
source of human infection It A usually considered a very rare human iiarasitc 
but in approximately 10,000 examinations made m this survey we hav^ 
encountered 23 cases, besides a number which we have discovered m the routine 
hospital work m Calcutta Twenty-two of the 23 cases were found in places 
where H nana infections exceeded 3 per cent, and only 1 m a place where 
H nana infections fell below 1 per cent This gives sJl further si^port fo" 
e theory of the rodent origin of human H nana infections Thf highest 
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treatment for at least another nine months Provided -new coolies are treated 
as they come a mass treatment once m two years would appear to be sufficient 
to keep the infection down to a practically harmless level 

The time of year when a mass treatment is given is of very great importance 
in India, or in any country where there is a dry season sufficient to prevent 
re-infection If the treatment is given m this dry season when the ground has 
been dry long enough to be practically sterile so far as hookworm larvae are 
concerned, it is obviously impossible for re-infections to occur immediately from 
larvae which have already developed in the soil On the other hand if the 
treatment is given when the ground is moist, especially towards the middle or 
end of the monsoon season, when it has acquired a maximum of infestation with 
hookworm larvae, re-infections will occur immediately and, in favourable localities, 
on a large scale, so that the beneficial effect of the treatment is destroyed almost 
at once In all parts of India we consider the most favourable season for masi 
treatments to be in February and March, though April and May are equally 
as good m places where rains do not begin until June 

While some consider it preferable, if time and facilities permit, to examine 
the members of a community before giving mass treatments, in order to exempt 
uninfected ones from an unnecessary treatment, we doubt if the advantages 
gained are sufficient to make it worth while In any community in which the 
degree of infection is sufficient to justify mass treatments, the percentage of 
infections will not fall far below 90 per cent and will usually be greater It 
is not as easy as one would suppose to get stool samples from all the members 
of a community, even one as well under control as the coolies on a tea garden 
or in a coal mine, and to eliminate errors by carelessness or fraud, and the 
results are therefore not entirely dependable With certain precautions we do 
not feel that there is any reasonable expectation of dangerous results from the 
mass treatments which we lecommend, and this does away with the only good 
argument we can see for not using indiscnminate mass treatments 

For routine mass treatments under field conditions we recommend either a 
dose of 60 minims of pure carbon tetrachloride, administered m about an ounce 
of saturated solution of magnesium sulphate, diluted with water if desired, or 
emulsified in rmlk followed by the magnesium sulphate, or a combination of 
carbon tetrachloride and oil of chenopodium We consider the pure carbon 
tetrachloride a safe treatment providing the patients are at least moderately well 
nourished, have normal livers, refrain from the use of alcohol for a day or 
two before and after the treatment, and are given a diet poor in fats The 
general condition of the patients can be determined with a sufficient degree of 
accuracy by a brief clinical examination, and the restrictions in diet can be 
insured by a few words of caution and advice, so far as alcohol is concerned, 
there is an additional safeguard if the treatment is given as far away from pay 
day as possible 

We believe that a still better treatment, especially if there is any considerable 
admixture of ankylostomes among the predominant necators, and if Ascans is 
prevalent, is a combination of 45 minims (about 3 cc ) of carbon tetrachon e 
and 15 minims of oil of chenopodium The chenopodium is best given in ar 
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done away with entirely until this ideal is reached In India this is a dream 
of the far distant future, soil pollution has been the custom in most parts of 
the country for countless generations, and the difficulties involved m ch.ingmg 
It can only be rcalwed by sanitarians who have attcmiilcd to do it, even on a 
small scale If it is ever to be accomplished, even in part, it is necessary as in 
any other radical change to keep fighting for it in spile of the apparent hopeless- 
ness of the situation at the present time, and m sjntc of almost complete failure 
Here and there results will be obtained, perhaps only on a very small scale, but 
every such result will be mstiumcntal m bringing about further results, which 
m the course of time will influence the entire country Some progress has 
already been made and more will follow at an accelerating rale 

One cannot hope to jump at once fiom universal promiscuous soil pollution 
to completely sanitary disposal of human faeces The usual procedure on estates 
IS to construct a senes of more or less sanitary latrines designed after those m 
use in European countries, and to demand that the coolies use them Usuall)' 
these attempts meet with little success and the manager comes to the conclusion 
that it IS useless to do anything, and that the coolies ha\c mhcrenl prejudices 
against latrines and an obstinate perverseness vliich makes them prefer an) place 
except a latrine As a matter of fact m most cases the trouble lies m the fact 
that the latrines are so constructed and so used that they \cry quickl) hccome 
fouled and so extremely obnoxious that no self-respecting human being could 
reasonably be expected to use them True, it is the cooilcs’ own fault that the) 
get in this condition, but carelessness m the use of a latrine is not sjnonjmoiH 
with aversion to its use Often the beginning of the fouling occurs at night or 
through the carelessness of children It is difficult for a European who has 
alwaj^ used a latrine and instinctively keeps it clean to understand the thoughtless- 
ness of an Indian native who has never used a latrine and perhaps ne\Tr seen 
one, and who has no instinctive care as to where he drops his stool 'J'he 
frequency with which the latrines m railway coaches are fouled by even educated 
babus leaves no room for wonder that ignorant and undisciplined coolies o*' 
villagers should do as badly 


PRACTICABLE LATRINES 

The rural people of India do not like closed-m-latrines, with sides and roof, 
and the development of a general use of them cannot be attained m a single 
jump The tivo principal objections are the almost invariable fouling of the 
Stan mg places m the latrines, and the disagreeableness of the odour One can 
ardly blame an Indian for considenng the nse of a filthy and smelly latrine 
sanitary and desirable than the use of an apparently clean snot in i 

I.:, ntTonuT :v7tr"'V/r the fc7from 

hopefd goal Lr t * en "w h ” ™ch more 

method already developed m rerta' ^7 'T’"* “ extensive use of such a 
people hah.tual, stand for de71”:„ 
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and demonstrated to the villagers If only a few pcoi)lc arc i , ..v^rminir 
come as news of what has been seen is spread Frequently a slide swarming 
with hundreds of soil nematodes, with oi without hookworm larv.x, will ic 
rbleS but It IS sufficient if only a few arc obtained The active wngghng 
worms make a profound impression, and thereafter there is not only 
but anxiety to follow any practicable suggestions for keeping these ^ 

creatures from burrowing through the feet The fact that some or all of the 
worms are not hookworm larva: is of no consequence If at the s.imc time 
It has been possible to treat some local individuals and have some expelled 
Ascaris at hand to prove that worms do get into the body, the ciTccl is still 
better Ascans always produces a much better effect than actual hookworms 
SELECTION AND MODIFICATION OF DEF/ElCATlON SI 1 ES 
If attempts to introduce iirimilivc latrines completely fail, some good can 
sometimes be done by influencing the selection of defecation sites, or modifying 
them Areas which arc exposed to diicct sunlight, and arc covered with hca\y 
clay soil, are less favourable for the dcrclopmcnt of hookworm larve than 
shaded places and sod which is porous and loamy \Vc ha\c dcmonsiraied the 
fact that spreading a layer of six or more inches of old thatch on a defecation 
area serves to prevent access of larve to thc_ feet of people standing on it until 
the thatch becomes sodden and mixed with the undcrl)ing soil In the actniU 
of insects This could be prevented by budding a brush or bamboo platform six 
inches over the surface of the ground m order to leave an air sjiace umlcrncalli 
This would lead to more rapid drying of the thatch or straw and prercnl its 
mixture ^vlth earth by insects In dry weather the faiccs desiccate rapidly m 
sucli a location, and m wet iveathcr the fa:cal material and developing embryo^ 
are washed through by ram and come to rest on the ground underneath, where 
they are harmless Around concentrated villages where the available dcfa:cation 
areas are limited and congested it w'ould be difficult to cover a siiflicient area 
adequately to take care of the daily' stools, but in villages w iih scattered and indi\ i- 
dual defalcation places this method has possibilities 

Another modification of existing defalcation areas is the construction of 
ditches or trenches on them which can be straddled during defalcation The 
demonstrated failure of hookworm larva: to migrate vertically on a soil wall to 
any appreciable extent accounts for the success of this method The larca: 
evelopmg from a stool dropped nito a trench two fect deep rarcl) reach the 
surface on the edges of the ditch If there is any slope so tlial the Irciiclics can 
dram off into a water ditch, and the sides of the trcncli arc plastered with clav 
to prevent their falling m, they need very little attention 

thereTrri'”'"' "k"’' ^ «’= Chola Nagpur plateau, 

led 1 u "rf “‘"W'SS '"Cl'S, and waste lands strewn with sloncs 
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on the stones or roc encouraged to make a practice of standing 
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sanitary improvements arc being cslalibslicd would unquestionably hasten 
beneficial effects, and where practicable arc worthy oi consideration 

When improvement m sanitary conditions on such a scale as largely t< 
prevent rc-mfect.on is not immediately possible, but the community to be dealt 
with IS of such a nature as to make mass ticatmcnt possible, eg, coolies on tea, 
coffee, sugar, or other estates, mine labourers, jute and cotton mill wnrkcp etc , 
such treatments properly carried out are sufficient to reduce the degree o mo 
worm infection to a practically harmless level, and to keep it there if given at 
suitable intervals An excellent demonstration of this has been afforded on 
tea estates m Sylliet by the work of Rice (1927) We made investigations on 
the amount of hookuvorm present on two gardens m vSylbel which had been 
treated by Rice, all of the coolies on both gardens bad been treated m the dry 
winter season fifteen months before our investigation, and one of llicm had 
again been treated in the next dry season only three months before The 
treatment consisted of a single dose of 60 minims of carbon tctracbloride in an 
ounce of saturated solution of magnesium sulphate All the conditions affecting 
the degree of bookworm infection on these Syllict gardens were, so far as a 
careful investigation disclosed, at least as favourable for a fairly high bookworm 
index as was present on an) Assam or Dooars gardens, and the index of infec- 
tion in neighbouring native villages was higher than m natnc villages in the 
vicinity of any other tea gardens m northern India We are confident that an 
average untreated garden in Sylhet would show an index of infection some- 
where near 300 

On the garden which had been treated both three months and fifteen months 
previously (Terapassa) the incidence of infection was 66 2j3 per cent, there 
was an average of only 62 eggs per gram of faeces, and an index of infection 
of 59 This, It should be remarked, is exclusive of a single mdnidual uho had 
6,300 eggs per gram , no other individual m the 57 examined had more than 400 
eggs per gram It subsequently developed that this individual had been given 
the dose with the other coolies both years but had promptly put her finger down 
her throat and vomited the entire dose both times On the garden treated only 
once (Langla), fifteen months previously, and which would therefore show, in 
comparison with the groups just treated, how much infection was acquired under 
these conditions m a year the incidence of infection was 85 7 per cent, the 
average eggs per gram were 171, and the index of infection 98 Probably the 
average egg^ per gram at the season of maximum infection would have been m 
the neighbourhood of 250 and the index of infection about 125 In comparing 
the once-treated garden with that treated twice, we find that the infections of 

io of^rpnH, have increased from 36 7 to 51 per cent, that about 

10 per cent liave ntoved up from the 100 to 500 e p g group to the 600 to 2000 

lon^to^m'’’ ’"f“0ons had moved up mto the 

100 to 500 epg group to replace those that had moved mto the next Iv,s,o„ 

From an exaimnat.ou of these figures we are forced to the conclusion that, 
nee having reduced the degree of hookworm infection to a low level by mas, 
treatment, it is not necessary to repeat these each year, an infection such as that 
on the Ungla garden, treated once fifteen months previously, does not warrant 
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gelatine capsules, and carbon Iclrachloi idc as dosciibcd above, all at one time 
Altbougb a bllle more expensuc and a little more labonnns than tbc pure 
carbon tetrachloride treatment, wc bcbc\e it is both safer and more (ffcctivc 
The same precautions arc indicated as ^\llb carbon tetracblondc alone In 
either case preliminary starvation is contia-mdicatcd 'J'bc treatment should be 
given about three hours aftei a modciatc meal as near fat-fice as jiossiblc 
Ordinarily the coolies arc ready to return to woik on tbc following da\ , and not 
more than one half-day need be lost E\cmption fiom work on tbc following 
day should only he given m case there has been nnnsnallv scvcic effects, such ns 
excessive purging, prolonged nausea, etc , and In recommendation of tbc doctor 
Further details concerning these treatments can be found by reference to Chandler 
and IMukerji, 1925a and 1925h 
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Probably tlie Moplabs, who brought the shrub with them from Arabia, 
were the first to discover the possibilities of coffee cultivation in Coorg and 
Mysore, and shortly after Bntish rule commenced, tlie first coffee estate was 
opened in 1853 By 1864, 70,000 acres of coffee were being cultivated, and by 
1878, coffee had reached the crest of its first wave of success There was a 
large influx of European coffee planters, and the Kodagas took to coffee growing 
cn masse 

About 1883, pnces began to fall and the industry received something of a 
set-back, but nevertheless in 1892, it was recorded that coffee land had never 
before fetched such high prices nor had coffee planting been more keenly pursued 
Such was the pre-occupation with coffee growing that 1|3 of the rice land went 
out of cultivation, owing to the desertion of the labourers to work on coffee 
estates, and throughout the country a continuous rise in the standard of living 
prevailed, owing to the extraordinary activity m the coffee industry and tlie effect 
which 'this had on trade in general 

All classes participated in this rise It is stated that ‘ In the earlier years 
of tlie decade (1892 — 1902) almost every Coorg had a coffee estate, or a patch 
of coffee growing an his own land, tlie profits from which furnished him with 
the luxuries of life, — horses]f carriages, European liquors and clothing’ and it 
appears that for years the coffee estate was a sort of ‘ Tom Tiddlers ’ ground, 
a source of easy money for all 

In 1895-96, the wave had topped its crest the crops were bad and a fall 
in prices occurred In 1900-01, prices fell to such a low level that even a good 
crop hardly paid for tlie cost of cultivation, and expenditure on labour, upkeep, 
manure, and the luxuries of life, fell to a minimum Large areas of coffee culti- 
vation lapsed into jungle and the acreage under coffee which in 1897-98 had 
been 85,876 acres, was in 1901-02 reduced to 58,393 

The small cultivator of coffee, the Coorg, for the most part went out of 
the business altogether, and returned to the cultivation of his neglected ancestral 
rice fields 

In the decade 1903 — 12, the depression m the coffee industry reached an 
even lower level than that of the previous decade The area under coffee 
decreased another 24 per cent and all but the best coffee land went out of cultiva- 
tion, relapsed into jungle, or became overrun with Lantana 

The war decade nearly ruined the remains of the coffee industry which wa-j 
only kept alive by Government loans in 1917, but the last few years have seen 
somewhat of a revival of its fortunes, and it appears as if the cycle of lean 
years has now passed 

o 

Economic AsfPcts of Coorg Malaria 

From these facts it may be seen that dunng the last 70 years, the first half 
of that penod was one of exceptional economic prosperity and the latter halt 
was one of economic disaster and hardship We would now endeavour to assess, 
if possible, the degree of influence economic factors may have exerted on that 
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Malaria in Coorg 


enumeration of an unusually large number of coolies m tlie census, thus lurther 
vitiating any comparison based on total figures ’ | 

The total figures are therefore of no value as an indication of the vsnation 
of the indigenous population I 

The next step one may take is to examine the fortunes of mdigenoui races 
as revealed by the census returns 1 

The Kodagas, or Coorgs are the dominant race among the autochliones, 
they were vitally aflfected by the coffee boom, and by its collapse, and an licrease 
or decrease in their number should be significant j 


Census years 

Kodagas 

1871 

26^89 

1881 

27,033 

1891 

32,611 

1901 

36,091 

1911 

39,228 

1921 

' 44,476 



These figures are interesting in that they show a rapid increase up to 185, 
while coffee was booming Unfortunately the 1911 figures are unreliable, for 
the figures for that year those of another sept, the Jama Coorg, not previously 
reckoned with tlie Kodagas, were added If these numbers, 2,825, are deducted 
from the Kodaga total for 1911, the +8 per cent vanation becomes a decrease, 
which may very reasonably be attributed to a vital reaction due to the termina- 
tion in 1895 of the favourable economic circumstances of the coffee boom 

The increase in the intercensal period 1911 — 21 (if the figures are reliable), 
would seem to indicate that the Kodagas are recovering from this set-back, but 
it is noteworthy that the Superintendent of the census of 1921 regards the figures 
in regard to this caste cis too unreliable to warrant tins conclusion 

An examination of the fortunes of the next most numerous castes, the 
aboriginal castes ‘ Holeyas ’ and ‘ Yerawas \ shows a decided decrease of late 
years 



Holeyas 


Variation 
(per cent) 


Yerawas 


Variation 
(per cent) 


24,081 26,995 22,951 

+ 12 -15 

14,209 14,585 15,338 

+2 65 +5 


14,068 
- 8 
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5n Southern India, on the tops of the Western Ghats, lies Coorg, the 
smaUest Province of British India Its sixteen hundred square miles of moun- 
tain and forest march, on the North and East, with the upland plateau of the 
State of Mysore, while between them and the sea, at the foot of the Ghats, 
stretch the lowland districts of Malabar and South Canara The climate is 
temperate and humid, the rainfall is' intense, vegetation is profuse, and wild 
ammals, birds, and insects are numerous in its abounding forests Seen from 
the heights round Mercara, the vista is that of a green sea stretching away to 
the far horazon, hills and ndges form the waves, the crests and sides of which 
are thickly clad with forests in whose shade grow the coffee bushes, in the 
troughs of the waves are patches of the rice cultivation which yields the staple 
food crop of the Coorg In the lower tracts round Fraserpet, in the Cauvery 
Valley, where the country is more open and less hilly, and the rainfall less, the 
views are those of open grassy glades between avenues of trees and hedgerows 
The inhabitants are distinctive in character, dress, and feature 
The Coorg or Kodaga, the dominant caste, is of good middling stature, fair 
of skin, pleasant of feature, frank in manner, and progressive and adaptable in 
disposition 

The lower aboriginal castes, Holeyas, Yerawas, etc , have the usual charac- 
tenstics of the Dravidian ‘ untouchable ’ races of Southern India 

The country was taken over by the tBntish Government in 1832 from a 
rebellious Raja, since when its history and progress as a self-contained administra- 
tive unit, has bqen determined by the vicissitudes of the coffee industry, whicli 
IS the chief and only industry of the province Inasmuch as the histon^ of 
coffee has been, for the last 70 years, the economic history of Coorg a brie'f 
account of the ups -and downs of coffee planting is essential to a consideration 
of Coorg economics, and their bearing on Coorg malanoloerr 

( 746 ) 
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It was not perhaps to be expected that m a period of 35 years of prospent}', 
which is less than the hfe-tiine of a generation, the population would increase 
to an extent that its pressure on the means of subsistence would give nse to 
difficulty and economic hardship 

The? Superintendent of the 1921 census records the opinion that no anxiety 
as to the existence of such pressure on the available food resources need be 
entertained, and he remarks that ‘ The staple food of the country is rice, the 
outturn IS considerably more than is necessary for local consumption, and a 
large portion is exported at considerable profit ’ 

‘ T^he standard of life among the Coorgs is high and the rest of die popula- 
tion are also following suit m the matter of a high standard of comfort, and the 
labourers, owing to a considerable increase m their wages, have also advanced 
their standard of living ' 

The conclusion one would draw from a consideration of these figures is that 
while the population showed by a 16 per cent increase dunng the decennmm 
1881 — 91 a marked reaction to the period of prosperity in the first half of the 
70 years df coflfee growing, during the succeeding lean years the reaction has not 
been a violent one, and a small but regular natural increase was recorded, which 
received a set-back in the influenza years 

As we shall presently have occasion to show, malaria is undoubtedly present 
throughout the Province, and in such intensity tiiat Coorg must be classed as 
a hyper-endemic area, but there is no reason to believe that this is a recent 
development As long ago as 1870, the Rev G Richter in his Gazetteer of 
Coorg, refers to ‘ the dreaded Coorg fever which appears in its worst form 
especially among Europeans in the vicimty of Alur in S -E Coorg, and about 
Sampage in the Western boundary ’ The Malaria Committee of 1926 comment 
on the prevalence of malaria in sampage 

Recent ''ases of Blackwater Fever have caused some anxiety m the Province 
Lieut -Col Hasell Wright, ims, in 1920 described several cases of Blackwater 
Fever in Coorg which had come under his notice, he gave definite evidence of a 
case as far back as 1901, and he quoted a village headman as stating that sucli 
high fevers with dark coloured urine were known to be incurable and were 
characterised as ‘ devil’s ’ stroke 

Evidently an intensity of malarial prevalence, with occasional cases of 
Blackwater Fever is no new development 

It appears that despite the striking vicissitudes of the chief industry of the 
country during the last 70 years, contrary to expectation the economic factor 
has played no appreciable part m increasing or diminishing the prevalence of 
malaria in Coorg, but whether some exacerbation of an age-long hyper-endemic 
prevalence has followed the damage which the public health sustained by the 
influenza epidemic, is a possibility whose exact value is impossible to assess 

Some figures put forward by the Coorg Malaria Committee, 1926, m dealing 
with the 'Extent of Malaria’ in the Province (para 20 of their report) have a 
bearing on this question They state that ‘ the hospital statistics (as shown m 
Appendix No 1) clearly prove the extent of malaria m a progressive scale In 
1918 out of a total of 106,794 patients treated in the hospital and dispensaries. 
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aspect of Coorg public health, the prevalence of malaria, which is the subject of 

iffs a truism of economics that in any community, marked reactions are 
to be expected on the sudden termination of temporarily favoutablc conditions 
which lave permitted the growth of the population beyond what the country can 
support when these favourable conditions are at end , ,, i ^ 

Fom a consideration of the recent economic history of Coorg, the thought 
arises that perhaps malaria in Coorg may be one of these reactions, and that it 
may le opemting to reduce an inflated population to a level determined by 
reducton m productivity 

%e vital statistics of Coorg are not snfflciently accurate to afford us evidence 
for adiscussion of this conception of Coorg malaria, but the census returns^ if 
cnticJIy examined, do appear to throw some light on it 


Population of Cooig, decade by decade since 1871 


Census 


Total 

years 


population 

1871 


1,68,312 

1881 


1,78,302 

1891 


1.73,055 

1901 


1,80,607 

1911 


1,74,976 

1921 


. 1,63,838 


' Leaving out of account the census for 1871, which is considered to have 
been, unreliable, since 1881 to 1921 the percentage variation of the population of 
Coorg was — 8 1 per cent 

first sight these figures seem to support, the view that some depopulating 
influence has been at work since 1901 and that the health of the country, as 
reflected in the lack of a natural increase, is detenorating, and those ulio hold that 
maijana ns on the increase m Coorg find in tliese figures confirmation of the 
forebodings aroused by the contemplation of a recorded provincial birth-rate 
which IS greatly exceeded by the recorded death-rate 

An examination of these figures in detail shows that these gloomy deductions 
are unwarranted, immigrant labour to the coffee estates is the distributing factor 
in tlie census figures The labourers on coffee estates are immigrants from 
South Canara Malabar, and Mysore, who are paid off at the end of a working 
season tliat lasts from about August tifl the end of March, when most of tliem 
return to their homes, and dribble back again for another period of work m 

accordance with the exigencies of the labour requirements in the estates which 
employ them 

j’ 

, When coffee was booming, and the number of immigrant labourers was 
large, their total naturally swelled tlie census figures, and pe, contia, m the 
l^n years of coffee, their number was smaller Another misleadmgv'’factor is 
the cha,Tice of a late and heavy crop m a census year, which may lead to the 
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only the merest fraction of ram falls April has, on the average, 2" to 3" of rain- 
fall and May, still dry, has, however, an inch or two more, according as the 
monsoon happens to break in that month 

The temperature is equable, the average mean minimum monthly tempera- 
ture during November, December, January and February, is below 60°, it falls 
as low as 56 7° an the coldest month, January, while in the remaining months 
of the year the average for the month is from 60° to 64 2° The average 
monthly mean maximum temperature is 85 8° F m tlie hottest month, which is 
Apnl, the figures for February and March being 81 °F and 84°F respectively 
During the monsoon months it is 69°F 

The humidity is at all times high For 8 or 9 months in the year, the 
mean relative humidity at 8 hours is about 90 per cent , it more or less approaches 
saturation in July and August with 96 per cent or 97 per cent, and only durimj 
the dry hot months of February, March and April does it in some years fall as 
low as 65 per cent 

These are tlie meteorological conditions of Mercara An area round 
Fraserpet in the Cauvery Valley, which is m conformation identical with the 
Mysore plateau, has a smaller rainfall, some 35" per annum, a less humid climate, 
and, as we shall see later, a different seasonal incidence of malaria But although 
in places the rainfall may be slightly less, the climatic conditions of Mercara may 
be taken as characteristic of the coffee growing uplands of the province in 
general 

The site of the town is a series of ridges On the mam ridge stands the 
Fort, and some of the better class residential quarters and houses, and there are 
other subsidiary ridges, which are similarly built over Between the ndges he 
valleys and streams The valleys are for the most part, uninhabited, as they 
are sewage areas full of boggy land unsuitable for houses sites An exception 
to this is Brahman Valley which is less swampyj, and has for flong been 
occupied by the houses of the Brahmans connected with the temple, or employed 
m the offices of the Coorg Administration 

The drainage of Brahman Valley joins a stream known as the Fish River 
whose gathering grounds are springs and seepage areas to the East of the 
‘■Petta’ 

Some years ago, a survey of the anophehne Fauna of Mercara was carried 
out by a Civil Surgeon of Coorg, Lieut -Col Hasell Wnght, i m s (1919) 

Work in accordance with his recommendations seems to have largely altered 
the situation in Mercara Many of the unhealthy areas on which he comments 
have been improved, notably those round Gowli Bazar, and swamps have been 
drained by putting down open stone-pitched surface drains in them Unfor- 
tunately, Hasell Wright's recommendation that covered drains should be used in 
such work has been overlooked, with unfortunate results 

On our arrival in Mercara on the 30th May, 1927, the skies were overcast, 
the burst of the monsoon was imminent, and it was clear that our time for larval 
collection would be short 

Our energies were immediately directed toward a hunt for larvae, and by 
separating and going in different directions we just managed to obtain samples 
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These, however, are jungle people who always tend to recede before the 
advance of avihsation All that can be said of them is that they show some 
increase during the fat years, and have not yet recovered from tlie elicct of the 
lean years 

Probably the most significant information is afforded by the census table 
wlncli shows the number born in Coorg and enumerated in the census 


Years 

Born in Coorg and 
enumerated* 

Variation. 

1881 

103,437 


1891 

120,110 

+ll5 per cent 

1901 

125,502 

+ 4 

1911 

129,441 

+ 4 

1921 

129,901 

+ 0'35 „ 


These figures show the enormous increase indicated by a -f- 16 per cent 
variation during a decade of prosperity, followed by a small but steady increase, 
+ 4 per cent, during the years of adversity 

The census population of 1921 records the disastrous effect of the influenza 
epidemic of 1918-19 and should be viewed accordingly Turning for the 
moment to the vital statistics of the province, it appears that the average number 
of deaths recorded m the three years preceding the influenza epidemic was, m 
round numbers, about 5,000 per annum Dunng the years (1918-19-20) 
which xs taken as the penod in which the effect of the influenza epidemic was 
felt, the recorded deaths were 21,673, or 6,420 in excess of the average of the 
pre-influenza tnennium 


Had the 4 per cent increase m population of the previous 20 years been 
maintained in 1911—21, an addition of about 5,000 would have occurred 
where^ on the above computation at least 6,000 persons lost their lives during 
Ae influenza epidemic (not taking into account those unborn on account of it) 
The influenza epidemic was, therefore, entirely responsible for tbo la L r ^ 
natural increase in this decenmum, and there is notlnng to Lfgest Lt any o^er 
adverse mfluence on the public health, such as- an increase if mill T u 
operative to produce the loss of natural increase in 1911-21 
Similar inferences are indica tpr? i 

Thus, the Committee appointed m clrn iSfi 1"“ “'“'‘=““1 mvestigaHon 

of malana, refer to a decrease in the lulauon S 

Verajpet (decrease 646) between 19lf a’lid W21 and^'^'^n (decrease 594) and 
radicates unhealthiness The Census Superintendent h ^ 
a 'deerease in the number of petty traders andTh. ; n «>'» to 

reduction m the volume of tra^de L^a rSiroVtliTi''”''''''' ^ 

and diere ts no reason to behave that malana was trZ 
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malaria alone accounted for 31,865, or about 30 .per cent of the total cases 
Again, taking the statistics for 1923, out of a total of 152,696 cases tr^tec , 
malaria alone accounted lor 64,269, or a little over 42 per cent which is 12 per 
cent more than that of 1918 In 1924 wc have 90,598 malaria cases out of a 
total oh 187,347 treated, that is, about 48 per cent of the total number treated in 
the medical institutions of this Province These figures tell their own tale 

The tale at first sight appears to be an alarming one, and seems to w.irrant the 
inference that malaria is greatly on the increase, but those who have been 
connected with rural dispensaries m countries in which malaria is endemic, wi 
suspect a possible fallacy m this inference The attendance at such dispensaries 
is often largely determined by the amount of free quinine that can he obtained 
from tliem, and an increase in the amount of quinine supplied for use in the 
dispensary *will lead to a proportionate increase in the number of malaria cases 
attending for treatment 

It is likely tliat tins rule holds good within all probable variations of the 
quinine supply, as the quinine saturation point of a population living m a hyper- 
endemic area is to all practical purpose unattainable in charitable dispensary 
practice 

From the following table, for which we are indebted to the Civil Surgeon of 
Coorg, Major F R Thornton, m c , i m s , it will be seen that omitting the 
amount of quinine used in the hospitals of Mercara and Verajpet, for which 
figures prior to 1922-23 are not available, the amount of quinine supplied to the 
seven local fund dispensaries has of late years been very much larger than it 
used to be This increase m the amount of quinine available for distribution 
from dispensaries may, for the leason given above, be held to account for the 
increased attendance of malaria patients, to which the Malaria Committee refer 

There is, however, another possible explanation, viz , that the increase of the 
quinine supply has been made to meet an increasing need for it, and m support 
of this view one would note that the increase has followed the years of the influ- 
enza epidemic, and was not- synchronous with it This observation would be 
compatible with the view that an increase m endemic malaria has been provoked 
by that world-wide catastrophe to the public health 

Cmicluston— In this connection and at this stage, it may be convenient to 
summarise one’s impression as to the reality, or otherwise of an increase in 
malanal prevalence in Coorg, which is an opinion generally held there, and one 
which is by implication the tliesis of the Report of tlie Malaria Committee (1926) 

We have sfeen that malaria is no new disease in Coorg, and that there is 
reason to believe that recent adverse economic causes have exacerbated what 

r* Nevertheless, our own impress.™ ,s 


no 

IS 


fliat there has been some increase, which has been mos’t noticeable in Me^carr 
owing to the mistaken drainage policy that has been followed there (.cc later f 
An impression of tins sort with reference tn f i , , 

one of general application, while at tile same time some adtoional"'* 
for tlie opinion would he derived from an increase m the 0X1^1 V" ”1'°" 
endemic d.sea-se of the country, as an aftermath of die mfluS epiL?™ 
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of active infection, with a rather low degree of immunity, is the state of affair-, 
m Mercara, which to some extent tallies with this popular impression 

Verajpct 

Verajpet is a rural town of Municipal rank in South Coorg 
It IS rather more scattered than Mercara, and hill streams, valleys, rice fields 
and heavy vegetation are the physical features of the town 

The monsoon rams prevented all but a very limited sampling of its anophe- 
line fauna 

Thus, a hill stream in Gadanga street yielded A hstom, A macuhpalpis and 
A jeyporiensis 

Overflow channels from a surface well in block No 5 yielded A listont 
The Raja Kanta tank, a stone-lined surface uell at the foot of a raiiiie, 
with a dram leading from it tu paddy land, yielded A cnhcifacips and A vagus 
A hill stream m Devanga street running in a sandy bed shaded by over 
growth and lined with boulders, yielded A hstom, A macuhpalpis, A cuhctfacies 
and A aitkcm 

A dram in a paddy field yielded A hstom 

A surface well full of grass and weed gave A cuhcifacies and A macuh- 
palpis 

A collection from uncultivated paddy land gave A jamesi and A cuhcifacies 
Rocky pools m a stone quarry gave a big hatch of A cuhcifacies with some 
A vagus and A macuhpalpis 

The splenic index here is very high, being 82 8 per cent c 

The adult spleen rate, as estimated by the examination of 100 persons 
selected at random in the streets and shops of the bazar, was 58 per cent 

The ‘ fever index ’ (i e , the proportion of fever cases attending month by 
month in the charitable dispensary), indicated the usual spring incident of 
Coorg {vide Chart on page 756) 

Many of the 128 children examined for the spleen rate came from outside 
the town, but there was no appreciable difference between ‘ town ’ and ‘ outside 
children in degree of infection 

The area is undoubtedly highly malarious, as the above figures indicate, 
and two notorious carrier anophehnes, viz , A hstom and A culcifacics, were 
identified ' 

Our observations were limited by excessive^ ram and it is not possible to 
form any definite conclusion m regard to the malaria of Verajpet, but one may 
surmise that the hill streams, spnngs, and seepage areas are the chief sources 
of its malana-carrymg insect fauna 

Gonikoppai, 

This IS a hamlet m South Coorg where a weekly bazar is held, and a row 
of shops line the mam road It has a chantable dispensary and a school whidi 
serves the neighbourhood 

The splenic index is 79 5 per cent and the adult spleen rate as indicated by 
a small number of observation in the bazar, was 28 per cent 
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At the same tme, .t does not appear that the merease has been one o! 
formidable proportions or that it contains any grave and immediate menace t 

the health of the province , 

Every country has its own endemic diseases, its own particular thorn in th 

flesh, to whicli it owes the greater part of its mortality and morbidity 

That of Coorg is malaria, but with suitable local measures (when and where 
funds permit of them), and with a more general knowledge of the value of 
measures of personal protection, there seems no reason why a condition ot 
endemic equilibrium and of a reasonable degree of control of the local scourge 
should not be attained 

The succeeding portion of this note attempts to elucidate, in so far as our 
observations have gone, the conditions and causes of malarial prevalence in 
certain places in Coorg, and it concludes with such practical deductions and 
recommendations as can at present be framed * 


M^rcara 

Mercara is the administrative capital of Coorg It is a picturesque, green, 
well wooded, rural town of some 5,600 inhabitants, situated at an elevation of 
nearly 4,000 feet above sea-level 

It has a rainfall of 120" to 130" per annum, which starts about the end of May 
or beginning of June Torrents of ram fall during the months of June, July 
and August, which begin to slacken in September and October , only a few 
showers fall in November, and from December to March is a dry period, when 


* The interesting suggestion has been made to the senior writer by a Coorg ofBcial that 
perhaps some connection may be traceable between the prevalence m Coorg of the shrub 
Laufana, and of malaria It appears that this shrub was imported in 1860, as a fencing 
plant and, as has happpened elsewhere m India, it presently ran wild as an escape. When 
large areas of coffee went out of cultivation after the slump, this shrub invaded the aban- 
doned land By 1906, 70,000 acres of private land and 40,000 acres of Government land 
had been overrun by it, and special measure to cope with its spread were required 

It IS stated that it has ‘ encouraged jungle fires, harboured wild animals, rendered 
homesteads unhealthy, and in particular, that it has reduced the grazing lands for cattle,' 
moreover, cattle disease has been rife throughout the province and ‘milk which could be 
had for the asking in every village only two or three decades ago'' has become scarce’ 
(Report on moral and material progress, 1913—27) Especially in the higher coffee- 
growing lands, the people lament a scarcity of milk and dairy products, which perhaps in 
the role of ‘Laudator tempons acti’ they considered to be a development of recent years 
In support of the truth of this complaint, it may be advanced that the writer has not 
infrequently noticed rachitic deformities among the children seen by him m the course of 
splenic examinations m Coorg, which in his experience, is an unusual condition in an Indian 
rural population, and one which may perhaps be assumed to be due to a dietary deficiency 
of the anti-rachitic vitammes There would seem to be reason for suspecting that there 
IS some degree of avitaminosis in the diet of Coorg children in respect of the Fat soulble 
vitammes due to a shortage of milk, and dairy products It is considered by some that 
su* > Me, ency renders the subject of .t more prone to acnu.re .nfections, and presumably 
among other such mfertions, that of malana Such, ,f a,e argument eoUld be sustained 
would be the bnls between a prevalence of Z,„,„o„o and of malaria The observatir,; 
propounded by the writer more as a matter of interest, than as one of conviction for the 
evidence m support of i, is slight, and no pmcedents can be , noted in support of I't 
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would be near their water, as ordInarll^ it is the proximity of water wdiich deter 
mines the site of a \nllage 

Doubtless as these extensive floods subside, they leave behind them pools 
of standing w'ater in which cainer anophelines propagate and produce the 
autumn w^ave of malaria which seems characteristic of the Caiivery Valley in 
Coorg 

Co-pFEiv Estate 

Although unfavourable weather greatly hampered our investigation of 
malarial prevalence on coffee estates, nevertheless, through the kindness of the 
managers, Msits were paid to four coffee estates in North Coorg, viz, Hallery, 
Jamboor, Coovercolh and Dibidi, and from these visits some information was 
obtained as to malaria m relation to the coffee industry 

As already noted the usual working season is from about August to the 
end of March, when the labourers are paid off and return to their villages in 
Mysore, South Canara, or Malabar Some of them come back about the end 
of (May or Jun:e, and a few do not go away at all Some of them bring their 
women and children with them, but the number of children on the estates seen 
by us was small 

Men, women and children all wmrk, and are paid by the day We were 
informed that the average earnings per day are -16|-, -|4|- and -|2]6, respectively 
A weekly payment is made, with which the labourers purchase their own food, 
and bonuses are given for regular work 

In case of sickness, no wages are earned, but a weekly advance is given 
Pregnant women get, on some estates, a free issue of milk, and are put on light 
duty At the end of a working season the labourer’s earnings, after deducting 
advances, is from Rs 20 to Rs 50 per head 

The labourers are on an agreement and receive an advance on engagement, 
but there is no Labour Act nor is there any Government supervision of coffee 
estates labour 

The house accommodation varies somewhat but it is, on the whole, 
adequate 

The usual type of building is a long row of ' lines ’ on a raised plinth under 
one roof, with a common verandah, and with separate quarters, two rooms to a 
‘ suite ’ 

The water supply is commonly derived from wells, which are not protected, 
or supplied with any water-drawing methanism, or water may be drawn from a 
stream nearby, or from springs 

Latrines are not in use, and adjoining patches of coffee afford tlie usual 
shelter for purposes of nature 

Ordinanly, the medical treatment of the labour force is m the hands of 
the estate writer, and no hospital accommodation is commonly provided, but 
on one of the above estates a hospital, for which a nurse will be employed, ii> 
under construction, and on anothei, a doctor babu, provided with a dispensary, 
is employed 

He states that dunng Apnl and klay about half his cases of sickness are 
due to malana One manager estimated that out of his labour force of some 
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of the anophelme larvae contained in tlie different classes of 
pounds in Mercara, before the rams broke on 2nd June, 1927 

In a day or two. water channels and pools winch had been swarming with 
larvae were so scoured out that not a single laivac conld by any means he 
discovered in them 

The disappearance of the anopheles larvae on the hurst of the monsoon 
explains the drop in the malarial attendance at the dispensary some weeks after 
the onset of the monsoon, and throws some light on the seasonal incidence of 
Coorg malaria 

The subjoined graph of ‘ Seasonal Incidence of FeverS ’ shows month by 
month the percentage proportion of malaria cases among the total outdoor cases 


attending at five different dispensaries m Coorg 

The diagnoses are recorded by Siih-Assistant Surgeons who are provided 
with microscopes and are more or less competent to use them, and tl ey probably 
yield a fairly accurate test of seasonal incidence It will he seen that in 
Mercara, as elsewhere m the uplands, the incidence of malaria is in the spring 


months 

Our time for precise entomological observation was very short hut never- 
theless certain useful deductions seem warranted 

These may he summarised as follows • — 

1 In the springs and streams m the seepage areas at the heads of the 
Brahman Valley in block Nos 17, 18, 19, the stream in block No 21 and from 
the head waters and tributaries of the Fish River in block No 23, A imcuhpal- 
pts was the most common species See map of Mercara 

2 Wherever stone-pitched open surface drams had been put down to dram 
seepage areas, or to carry off household drainage and perennial w'ater, A Inloiu 
was found m large numbers, sheltering like trout behind the stones and in the 
miniature bays provided by the stone-pitched side of the dram It was by far 
the most numerous species m the inhabited area, whereas A macuhpalpis was the 
more common species in the heads of the valleys and in the outlying areas under 
natural conditions 

3 In addition to A hstom and A macubpalpis, the following other species 
were collected — 

A immmus was recovered from an up valley dram in Brahman Valley 

One speamen of A mcaddtns was collected in the Brahman Valiev dram 
down stream ^ ' 


This species was fairly common m Hasell Wright’s survey, and presumablv 
Its seasonal incidence is other tlian the time of our observations ^ 

A ciihcifac^s was collected in large numbers m a muddy stagnant stone- 
pitched dram below the Petta, and m muddy hoof^prints in a dram 

Tr hyrcanusvzT mgerrmus, were found m surface wells and 

spnngs at the head of the valley ‘ ^ ' 

A karwan was seen once m an ‘ up valley ’ stream 

A with some ctilicine larvae, was found ,n swampy land 

culttvat.™ P^tef of coffee 
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It would be well worth while to ascertain why two estates, side by side, 
should differ so greatly in malaria incidence, for the answer to this question 
would at the same time be the answer to the question of how to reduce the 
high figure to a lower level It is to be regretted that monsoon weather condi- 
tions entirely prevented my gathering any information in this connection, and 
in the interest of the coffee industry There would appear to be a case for 
further investigation at a suitable time of year 

One would, however, surmise that the position of the coolie lines with regard 
to their distance from the ravines, seepage areas, and hill streams in which the 
carrier anophelines breed, is a very vital factor in the malaria of coffee estates 

ScCGAY Fibre Estate 

Seegay Fibre Estate is situated about 6 miles from Fraserpet, about the same 
elevation, 2,800 feet, in the Cauvery Valley A tributary stream of that nver 
runs past the factory in which the fibre is prepared for export 

The surroundings of the estate are those of the Cauvery Valley round 
Fraserpet, viz , open pasture land, with trees, and hedgerows and patches of 
dry cultivation (ragi) The estate itself is situated m the undulating foot-hills 
which fringe the valley below the heights on which coffee is grown Adjoming 
the factory, and some 300 yards from the stream, are the thatched wooden huts 
m which the labour force of about 40 souls is housed 

Through the kindness of Mr Alderson, the manager, the labour force was 
mustered for my inspection 

Of these, there were 40 resident coolies, of which 7 were children under 
ten years of age, of these children, all but one had enlarged spleens, sizes 
4, 6, 4, 7, 2 and 4, fingerbreadths respectively 

Of the 35 resident coolies, 21 men and 14 women, 22 had enlarged spleens, 
or 62 8 per cent and of the 14 who showed no splenic enlargement, two were 
recently enlisted 

Of eight men (outside labourers), 6 showed a considerable degree of splenic 
enlargement 

Among 9 outside women labourers of an aboriginal tribe, only two had 
splenic enlargement, and that to a rmnor degree, i e , 1 fingerbreadth At least 
two of the resident adult coolies had some degree ^of pyrexia when examined 
Two spnngs about \ miles from the bungalow from which the water supply 
IS obtained, were examined for mosquito larvae, but none were found in them or 
in the streamlets which issue from them 

The stream which runs past the factory was examined This runs through 
the shades of trees, over a sandy bed lined with smooth rocks, which contain 
hollows m which storm water lodges 

The stream was very full of tadpoles The pockets of water in the rocks 
contained culicine larvae, but a search of the stream, which had recently been 
scoured out by rain a few days before, yielded only two anopheline larvae, species 
A atikeni 

\ search of the coolie lines, and of the servants’ quarters of the Managers 
bungalow yielded no adult anophelines, or sandflies No evidence was obtainable 
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Cut banana tree stump'^ containing walci were piolific in ciilicinc«; Imt 

contained no anoplielines r i , 

Treeholes yielded no anoplielines but numcrons Aedcs laivac were found n 

tlieiiT 

House wells contained no anopheline larvae 

The nee fields, in so far as they were examined, yielded no anoplieliiic 

House searches for adult anoplielines were disappointing in their yield 
For instance a forenoon’s search in Rrahnian Valley by two of us, in houses at 
whose doors A were breeding prohfically, and whose inmates had a iigi 

spleen rate, yielded only 3 adults, species A h^foni 

Such was our general experjence of liousc searches m Coorg, and the 
explanation would appear to be that m the vicinity of Coorg habitations, the 
prolific vegetation is a more congenial resting place for the local species of 
anopheles than qre human habitations 

No observations on anopheline infeclivity were therefore possible 
The paucity of anopheline larvae in the marshy land of the swamps and 
seepage areas of the valleys was significant 

Thus, only a single A macithpalpis larva, with numerous cuhemes, was the 
result of a prolonged search in the Temple in Brahman Valle}’^ 

A swamp below the Chaplain’s Bungalow yielded a few A jcvpnrioi^t^, as 
also did one below the Wesleyan Church 

In a swamp below the Municipal Bazar which Lt -Col Russell, the Director 
of Public Health of Madras, at a i ecent visit had considered to be the most danger- 
ous area m Mercara, nothing but cuhcine larvae could be discovered 

From the evidence above detailed, it would appear probable that the anophe 
line output of swamps m Mercara is insignificant, whereas the output of A Itsioui 
from the stone-ipitched open surface drains which have been multiplied to drain 
such swamps, is undoubtedly large 

It appears that the policy of draining swamps by open surface drains, which 
has been followed for years m Mercara as an anti-malaria measure, is a mistake, 
and that in abolishing a wet area that was, perhaps, doing little harm, the result 
may have been an increase of malarial prevalence by multiplying the breeding 
grounds of a notorious malana carrier ^ 

If this suspicion is well founded, it would afford an explanation of the 
gneral opinion that Mercara has grown more malarious than it used to be 
Hasell Wright (1919) stated that the splenic index of the town was 54 per 
e This agrees with our observations among bazar and school children of 
from 1 to 10 years of age, which yielded a splenic index of 55 4 per cent and 
an adult spleen rate m Mercara Bazar of 53 per cent ^ ° 

There is nothing to shW that these figures are comparable, as the acre 
class, and number of the children, seen by Hasell Wright and the rnnp nf ^ ’ 
at which the obsen^ation was made, were not stated ^ ^ ^ 

14 



764 


Malana %n Coorg, 


For those whose mathematical knowledge may be, like that of the writer, 
scanty, and who may find the above description inadequate for its comprehension, 
It may be further described as follows 

From the filled in chart for each place oi series, the totals for each set of 
measurements are readily and conveniently available 

Measurements + or — along the horizontal axis are given by the apex- 
middle line measurement 

f 

Measurements -j- or — along the vertical axis have to be obtained by taking 
the projection of the apex point on to the vertical axis with the umbilicus as 0 
■This done as follows 

In the diagram below, where C = umbilicus, and B = die apex point, the 
required value is AC, which can be got by squaring BC (the apex-umbilicus 
measurement), subtracting the square of AB (apex to nnd line measurement) 



C 


In practice, one places m column A, the apex-umbilicus measurement, in b, 
the apex-niid line measurement, followed by the squares of these columns m C, 
and D, and their difference, in E The square root of E is column F In 
column G is noted the number of observations for that particular measurement 
The figures iii columns B and F are multiplied by those in G to give 
columns H and I 

The sum of columns H and I are divided by the sum of column G Ihc 
quotient of column H is the mean distance from the middle line, i e , the position 
on the horizontal axis (AB of diagram), and that of colmnn I is AC of the 
diagram, i e, the apex projection on the middle line or vertical axis 

The two values, used as co-ordinates, give the correct position of the mean 
apex point The position can be expressed as distance from the iinibihais, and 
can be entered in the chart, by converting the mean projection back again to 
apex-UiUbihcus measurement This is done by taki ng the squar e root of the sum 
of the squares of the means in columns H and I (v^AB^ + AC^) of the diagram, 
which give the distance BC of the right-angled tnangle ABC, or, the mean 
distance of the apex from the umbilicus 


The subjoined scheme of columns shows what is meant 


A 

B 

c 

D 

1 E 

F 

G 

H 

I 

Apex to 1 
umbilr 1 
cus 

Iapcx to mid 

1 line 

A’ 


'(A>— B“) 

1 

1 

-v/E" 

1 

Obs 

See 

Text, 

Sec 

Text 








T, G. McCowhic Yoiivfi (i)id J. D> Bnily, 


759 


SOMWARPl^ 

The village is situated in a high ndgc, on one side of it is a valley at whose 
head are drinking water and washing tanks, and at whose lower levels are a 

few muddy pools and seepage patches 

The tanks yielded a few A phthppnicm and the muddy pools A vagus 
At the other side of the hill is a valley m winch runs a hill stream joined hv 

brooks and drainage ditches , r 

The stream, which had recently been scorned out by the first burst of the 

monsoon, yielded a scanty catch of A hsfom and A ummnns and one of its 
tributary brooks yielded A tc^^clalus and A aitkcm Under dry weather condi- 
tions this stream probably yields a plentiful supply of A li^lom and A 
sufficient to propagate malaria in the village on the ridge above it 

The splenic index, as measured by an examination of 103 children was 
49 5 per cent and out of 30 adults examined in the ba7ar, 14 had enlarged 
spleens or 46 5 per cent 

The seasonal incidence is, as elsewhere m the highlands of Coorg, a spring 
incidence {vide Chart on page 756) 

FrasCrpRT 


This village lies m the Cauvery Valley at an elevation of aixmt 2,800 feet 
Unlike the coffee growing uplands of Coorg, the scenery is open, and the 
country more or less flat 

When Mercara is wreathed in monsoon cloud and drenched with ram, as 
often as not the sun shines m Fraserpet, and its rainfall is by comparison but 
an occasional shower or two, being only about one-quarter that of Mercara 

An examination of its dispensary statistics reveals the fact that its malaria 
season is m the autumn, and not in the spring as it is m the uplands of Coorg 
Except for the Cauvery river, running rapidly in a deep cut bed, there is 
no permanent water , the staple food crop is ‘ ragi ’ and there are no seepage 
areas and moist valleys in which rice is cultivated 

Its wells do not breed A stephenst as had been suggested by others 
At the time of our visit, potential breeding grounds were almost absent 
K pool of recent water of some weeks’ standing, yielded a very few larva of 
A vagus and A macuhpalpts 

Adult mosquitoes could nowhere be found, and a single specimen of A vagus 
was the sole yield of a morning search of the bazar 

Yet the splenic index among 113 children was 64 6 per cent and among 56 

adults examined by random selection m the bazar, 48 2 per cent had enlarged 
spleens ^ 


Of the 18 children under ten years attending the village school m Mullusoga, 
a vilbge about a mile from Fraserpet, all but one had enlarged spleens 

explanation of the malaria of Fraserpet is probably to be found m 

' r tT L the Cauvery nver about the end 

°u f evidently extensive, as the villages m this area are 

all situated on high ground, and, it may be, at a considerable distance from the 
nver, ,he,r ^rce of water supply Obnously, were rt not for Iod.„g, they 
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The average infantile spleen of Mercara lay with its apex m square 7|6, 
7 1 cms from the umbilicus, 4 4 cms above it and 5 6 cms from the middle line 

II Vcrajpet 

In Verajpet m South Coorg, 128 children were examined of whom 106 had 
splenic enlargement, yielding a splenic index of 83 8 per cent 

The corrected average infantile spleen had a costal projection of 6 8 cms 
from the costal margin 


Verajpet 

HIPPLE 



The average adult spleen among 100 adults examined was 3 fingerbreadths, 
or 6 cms which when corrected to standard sue would be 5 cms 

The apex of the corrected infantile spleen lay in square 6|5, being 6 3 cms 
from tlie umbilicus, and 3 5 cms above it, and 5 1 cms from the rmddle line 
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300 persons, during the busy season, about 10 to 12 persons per day would be 
abseih, sufFenng from malaria, but no dcfimtc statistics are maintained from 
which a mere definite statement of labour inefficiency due to malaria can be 

Judging from the physical appearance of the labourers, ankylostomiasis 
must be very prevalent and many managers find it advantageous to dose their 
labour force twice a year with carbon tclraclioloridc 

In general, the hygiene and economic conditions of the labour force of the 
coffee industry compare unfavourably with those of the Assam 'lea Industry, 
with which the writer was at one time familiar 

The reasons, however, arc obvious 'I'lic Assam planter has to import Ins 
labour at consideiablc expense to himself from distant areas, and the pci copito 
cost of a tea garden labourer used to be estimated at Rs 300 

The Coorg coffee labourer comes at his own expense from adjoining 
districts, much less expense is incurred m recruitment, and speaking generally. 
,the supply automatically adjusts itself to the demand 

Tea, moreover, has been for long a large and flourishing industry whereas 
coffee has been, as we have seen, for 35 years m low water 

One has to recognise that the hygiene and management of a labour force 
m the East is primarily a business proposition, and is not by any manner of 
means a philanthropic measure 

The Coorg coffee planter has not for years been in a position to spend 
money on Ins labour force, and fortunately for him. the economic conditions 
and those of the local labour market, have not rendered such expenditure 
imperative There is, however, reason for thinking that as a business proposi- 
tion, some improvement might profitably be effected m the conditions of life 
of the laliour force, now that the industry is recovering its prosperity 

Such could be effected on the lines of estate labour hygiene elsewhere, by 
the provision of hospitals and expert medical attendance, by providing protected 
water supplies, and by making a beginning at some sort of conservancy, e g , by 
providing pit latrines 

Malarial prevalence and how it may be ameliorated is, however, the parti- 
cular aspect of this question with which we are at present concerned, and perlujis 
the only significant observation which emerged from an examination of the 
labour force in these four estates, was the marked difference in the spleen rate 
Thus, Hallery had a spleen rate of 50 per cent among the 16 resident 
children and 46 per cent among 53 resident adult labourers 

Jamboor had a 100 per cent spleen rate among 20 children and 91 ner cent 
among 23 resident labourers ^ 

Cooverc^i had a 38 per cent spleen rate among 21 children and 33 per 
cent among 64 resident adult laboureis 

Dibidi had 100 per cent spleen rate among 10 children— all thnf tu. . . 
CCUM produce and 73 p„ centanrong 37 resLn. adr^CLf ' 

Coovercolh and Dibidi are adjoining estates In tb^ f 
coo„e ,.„es are on d.e top „I a a .o^ngtay fron t ' ravr'.,T’( 'T 
while those of Dibidi are nearer the stream 
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IV Somwarpet 

In Somwarpetj m Nortli Coorg the examination of 103 children yielded 51 
witli enlarged spleens, splenic index 49 5 per cent 

The corrected average costal projection was 5 9 cms 

Only 30 adults were available for examination m the bazar of whom 14 had 
enlarged spleens, 46 6 per cent 


Sovm artei 


NIPPLE 



The apex of the average enlarged infantile spleen lay in square 8|6, distant 
7 8 cms from the umbilicus, and 4 6 cms above its level The distance ‘ apex to 
middle line ’ was 6 3 eras 
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as to whether the fever season is in the autumn, as m Frascrpet, or whether it is 

in the spring n 

The vicinity of the stream, which, in the condition of dry weather How is 

piobably a prolific breeding gioimd of anqihelmes, and the fact that two to the 
labour force were suffering from pyrexia seems to indicate that possibly a spring 
ircidence may have to be reckoned with here 


SPLCNOMnTRY 

Six hundred and twenty-five children, of all ages up to and including those 
of ten years, were examined in detail in five different centres Of these, 406 
showed varying degrees of splenic enlargement, yielding a total splenic index for 
Coorg of 63 3 per cent 

The classification of Coorg with reference to its malariousness is, there- 
fore, that of hyper-endemy, inasmuch as its splenic index is above 50 per cent 

The method adopted was that described by Christophers" (1924), namely, 
measiurements of the position of tlie apex of the enlarged spleen, the exact situation 
of which IS triangulated by measuring its distance from the umbilicus and from 
the middle line of the body m centimetres Two other measurements were also 
taken, viz , the projection of tlie apex below the costal margin, and tlie distance 
between the mpple and the umbilicus The former of these two affords a com- 
parison witli measurements in fingerbreadths, and the latter yields a correction 
factor whereby the observed figures have been corrected to the scale of the 
/standard child’ as described by Christophers and Khazan Chand (1924) 

This method has been used by Macdonald (1926) m Sierra Leone, and 
Coveil (1927') in the Andamans, and for a detailed account of the method, 
reference may be made to the original description 

These observations were made m Mercara, Verajpet, Gonikoppal, Somwarpet 
and Fraserpet 

The recorded figures, corrected to the scale of the standard child, have been 

plotted out on Christopher’s standard abdominal charts for each of the series 
of observations 


The positon of the average spleen in each of the senes has been determined 
by the following method 

If its position is determined by merely averaging the two measurements 

, co..e.«e"er,:; 

him to the senior wnter ' ^ ^ ^ R'S , i m s , and demonstrated by 

The method consists in denoting the oositmnc nf 
men.3 each of a.es pass.„g a. r.gh. angles .hc:„gh^"^lrur:; 

One axis, the vertical, is the mid line nf th*. Ur^A a , 
line drawn through the umbilicus ^ horizontal 
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The apex of the corrected average infantile spleen lay in square 7(6, its 
distance from the umbilicus was 7 2 cms , and above its level, 3 9 cms Tlie 
distance from the middle line was 6 1 crrys 

It should be explained that the measurements were done by the senior author 
personally, and the age composition m each place was approximately the same, 
1 e , a random selection of about 20 of each of five age-groups, viz , 1-2 years, 
3-4 years, 5-6 years, 7-8 years and 9-10 years , the social classes were the same, 
and the population from which they were drawn is stable and unaffected by 
migration No fallacies arise which are due to a change in tlie observer or to 
error in sampling, and the figures are fairly comparable and reasonably acairate 
Tabulated for comparison these figures give the following results — 



Corrrected 
distance 
from 
umbilicus 
(m cms.) 

Corrected 

distance 

from 

middle 

line. 

Splenic 
index 
(per cent) i 

Adult spleen 
rate ■ 

(per cent) 

Corrected 
costal 
projection 
m children 
(m cms4* 

Corrected 
costal 
projection^ 
in adults ^ 
(in cms ) 

Mercara 

i 

71 

, 5*6 

55'4 

f 

53 

62 

5*3 

Verajpet 

63 

5*1 

82*8 

56 

6*8 

5 

Gonikoppal 

7 4- 

65 

79 3 

28 

6 


Somwarpet 

78 

63 

48 5 

461 

5*9 

• 

Fraserpet 

74 

6 1 

646 

. 482 

e' 

6 


These figures reveal the fact that despite the difference in the degree of 
infection, as shown by the splemc index, the size of the corrected average spleen, 
as measured by its distance from the umbilicus is practically the same in all five 
places, indeed there is not more than half a fingerbreadth of difference in the 
position of the apex of the average enlarged spleen m all of them 

It seems legitimate therefore to deduce from the mean of these figures that 
m Coorg the apex of the average enlarged spleen lies 7 1 cms from the umbilicus 
and 5 8 cms from the middle line of the body, and that the average costal projec- 
tion IS 6 cms 

This may be compared with Covell’s observations m tlie Andamans where 
m a community living under hyper-endemic conditions, m 712 adults he found 
that the mean apex-umbilicus measurement was 6 3, and the mean costal projec- 
tion was 6 cms and with Macdonald’s (1926) m Sierra Leone who showed that 
among 337 children living m a hyper-endemic area, the average distance of the 
spleen from the umbihcus was 8 1 cms 

Some observations were also made as to the degree of splenic enlargement 
m adults 

These were made by seating oneself in a convenient place in the bazar and 
with local assistance, inducing all passers-by, shopkeepers, coolies, country people 
etc , to come to see whether or not they had an enlarged spleen 
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The cross on the charts marks the position, thus deduced, of the apex of the 
average spleen of each senes 

The attaclied standard charts depict the icsult of the spleen measurements 

in children in the five-centies examined, which yielded the following corrected 

% 

tneans 

I Mi'.rcara 

Out of a total of 177 children, 98 had enlarged sjilccns or 55 4 per cent 
The corrected average infantile spleen had a costal projection of 6 2 ems 
from the costal margin (3 fb) 

Mercara 



Ihe aveiage adult spleen among 100 bazar adnii-c 
or 6 6 0.3 w,..ch corr«=, 5 “ 


■'O'-* VMULlja 
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SpivrxK ENivA-RGP.Mr.NT B\ Acr Groups 
The above table sbow^i the incidence of splenic enlargement in the age groups 
under examination 

The table_ shows the rise in the splenic index to its highest point, 76 5 per 
cent, in the age group 7-8 years, and a commencing fall in the age group 9-10 


(1) Spleen at one to two years of age 


NIPPLE 



years, with 68 3 per cent With this may be compared the adult spleen rate m 
Mercara and Verajpet of 53 and 56 per cent, which indicates to some extent th’ 
degree of immunity attained in adult life 
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III GoNIKOPPAIv. 

In Gonikoppal, also in South Coorg, among 83 children, 66 had enlarged 
spleens, or 79 5 per cent splenic index 

The corrected infantile avjerage costal projection of the apex was 6 ems 

The bazar being small, only 25 adults weie examined here, of whom 7 had 
enlarged spleens, 28 per cent 


Gomkoppal 


IIIPPLE 



'-=1 The .stance 


square 7|5 
7 ems above its 
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and it was 7 7 cms from the middle line of the body (2) At 3-4 5 ears, we find 
that the apex has moved 5 cm , nearer the umhihats, lying now in square 8 ) 7 , 
the measurement being ‘ apex to umbilicus ’ 8 3 cms , ‘ apex above umbilicus ’ 
3 8 cms and ‘ apex to middle line ’ 7 4 cms (3) At 5-6 years the apex lias moved 
considerably nearer the umbilicus, lying now m square GjS, ‘apex to umbilicus’ 
5 9 cms , ‘ apex above umbilicus ’ 3 cms and ‘ apex to middle line ’ 5 1 


(3) Spleen at five to sii years of age 


NIPPLE 



( 4 ) At 7-8 years, the apex has receded a little, lying in square 7|5, measure- 
ment ‘ apex to umbilicus ’ 6 9 cms and ‘ above umbilicus ’ 4 3 cms , apex to 
middle line ’ 5 4 cms " 
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V FnA'^i-npi.T 

In Fraserpet, 113 children \\c\c examined of whom 73 had enlarged spleens 
splenic index 64 6 per cent 

The corrected average costal projection among these children nas 6 ems 
Of 56 bazar adults, 27, or 48 2 pci cent had enlarged spleens 


Praserpet 
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Malana tn Cooig 


The attached cliart No 6 shows how' the position of the average enlarged 
spleen of these 5 age groups fall into two different groups 

It IS difficult to assess the significance of these figures, for it must be admitted 
that the value of this method of splenometry is still ‘ sub judice ’ 


(5) Spleen at nine to ten yeais of age 


HIPPIE 



Without attempting any unw^arranted deductions, one may simply state 
(1) that tile a\erage spleen in Coorg, a hyper-endemic area, w'lth a stable popula- 
tion, has it> apex 7 1 cms from the umbilicus and 5 8 cms from the middle line 
of tlie body 
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This was in all cases tested with the subject in the locnnibcnt jiosilion, and 
the results ucrc noted in fniKcibieadtlis notation I’or pin poses of conipnn^^on 
with the more piccisc nicasnrcinenls taken of clnldrcn, nsmnnin;^ a finjterliKndtli 
to be equal to two centimetres, the rccoided adult incnsurcnKiits have been 
multiplied by two and, like the iccoidcd fiKiircs fni the niensnn incuts of the 
children’s costal projection, the) ba\c Iiccn i educed to the scale of .the standard 
child 

The size of the average adult enlarged spleen conccled to standard si/c for 
comparison was 9 cm less than the infantile enlarged spleen in Mi ream and 
1 8 ems less in Verajpet, jdaccs with a spring incidence 

In Fraserpet with its autumn incidence, in so fai as the figures of 56 adult 
examinations are reliable for comparison, there was no difFcrcucc between the 
corrected size of the average enlarged spleen ni children and adults 

In Gomkoppal and Somwarpet, the adult observations were loo feu to 
warrant inclusion in a comparative total 


Table sJtoiviiig Splcmc Eulaygcmcnt by Age Groups 


-Ape 

r 

1 to 2 
^cars 

+ - 

3 to 4 
\c‘nn 

+ — 

1 

5 In 0 ! 

\enr« i 

+ — 

1 

: 7 to R 

1 \onr3 

1 

1 1 

1 ; 

+ — 1 

9 to 10 

+ — 

Mercara 

4 8 

n 12 

22 ^3 

54 17 

25 17 

Somwarpet 

4 15 

10 n 

1 13 0 

11 0 

11 12 

Gomkoppal 

11 3 

9 3 

20 3 

1 

12 4 

14 3 

1 

Fraaerpot 

2 7 

f) 10 

20 5 

22 6 

10 11 

Verajpet 

1 

7 10 

8 4 

15 5 

ns G 

32 2 

Total 



! 

i 



28 43 

45 42 

tio 47 ' 

137 42 

Cl 

Percentage positives 

39 4 

61 7 

1 

67 7 

70 i5 

1 

68 3 

jSiOTE Total observations 




Positive 


40(5 


Splenic index for Coorg 


63 3 per cent 
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McHana in Goorg 

One of us (J D B ), was the operator in all cases, and the method of 
collection was therefore undisturbed by any variation due to difference in 
technique 

Owing to the humid atmosphere of Mercara, special measures were required 
to preserve the slides for future examination 

They were stained the day after collection, and when dry, were put up in 
parcels of 1 dozen (each slide separated from the other by a binding string) 
They were then packed in a large cheroot drying tin with an absorbent pad in its 
lower compartment 

By this method, exposure to an atmosphere with a 90 per cent humidity, and 
the rapid deterioration of the stained films which otherwise would have occurred, 
was successfully obviated 

In counting, the number of parasites present in fields showing a total of 500 
fowl cells was enumerated A negative result is therefore the result of examina- 
tion of that number of fields which yielded 500 fowl cells but no malaria 
^varasites 

The following is an analysis of the result of the examination of 540 such 
blood slides taken in five different places in Coorg 


Tabi,^ I 




i Number 
with 

parasites 

Number 

examined 

Endemic 
index 
(per cent) 

Mercara 


77 

177 

43 5 

Verajpet 


61 

128 

47 6 

Frascrpet 


13 

60 

216 

Gonikoppal 


37 

83 

44 6 

Somwarpet 


16 

92 

161 


Total, Coorg 

204 

540 

377 




The endemic index for Cooig on the percentage of children showing malarial 
parasites in their blood, was 37 7 per cent 

Vera^pet yielded the highest endemic index 47 6 per cent, followed by 
Gonikoppal 44 6 per cent and Mercara 43 5 per cent 

Table II shows the proportions of the different species of malaria 
parasites, and of gametocyte infections reckoned in terms of crescents From 
tins table it will be seen that if crescents and mixed infections are added' to 
P falciparum infections, more than half the infections in Coorg are due to 
P falcipCHum, P vwav and P malaria: are in about equal proportions, and mixed 
infections are 6 per cent throughout Mercara has the highest percentage of 


7'. C. McComhit’ Yoinui and J. 1), Baily, 


If these figiiies be analjscd fioin tlic poiiU of \ic\s of the m/c of ihc (ulaiged 
spleen at diflcrcnt ages, the following .iie the lesnlls 

Standard chaits ha\c Ik on i)ieparcd showing the collected position of the 
apc\ of the enlarged spleens obseuul in the age gionj) 1-2 ycais, 3-4 >(-,irs, 5-0 
years and 9-10 yc.iis and the jiosition of the a\eiagc tnlaigcd spleen in c.iclt 
age gionp has been calculated hj the method aheadv dcsciihed 


(2) S/’/ern at iJitce to four veat': of aqc. 



age group (1) 1-2 tPe ,, 

9|8, .ts d, stance from the mnbthcs was 8 8 rmTfnd's'T- 

3 7 ans vertically above it, 

15 
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Malaria in Cooig. 

Table III sho^\s the parasite value 'per infection m each of the five places 
under observation It shows a very active infection in GoniKoppal due to 
P falcipanun and P malaricr, there the average parasite value per infection 
(9,735) is above that of 5,000 per cm , Avhich is reckoned as representing attack 
conditions (Christophers, 1924) 


Tab^E hi 






Mixed Ineectiox 











Average 
parasite 
value per 
infection 

Place 

P faJet 
parum 

P vwnx 

P mala 
rxcc 

P vivax 
and 

P falci 
parum 

P vwax 
and 

P mala 
rtce 

P mala- 
rtcc and 
P falci 
parum 

Cros 

cents 

Totat I 

1 

106 499 i 

1 

26 328 

5,444 

7,338 

S16 

1 320 

2,808 


I\rcrcara Avorago i 

per 1 

infection 

1 

2 S7S 3 ' 

1,548 7 

1 

1 

310 2 

1 467 

16 

i 320 

1 

1G5 

1 955 

Total 

31,224 

13,984 

1,704 

14,192 


06 

2,784 


Vcrajjict Average 

^ per 
infection 

1,24S 8 

699 2 

243 3 

"4,730 7 


90 

397 

i i 

1,040 

Total 

312 

1 

' 3,308 

2,452 

1 

1 

144 

1 

1 


Praserpet Average 

per 

infoction 

104 

1 

1,G54 

i 350 3 

i 

1 144 



478 

Total 

27 no 

1,488 

75,084 


4 213 


2t0 


Goj»iKo])])al Avorago 

pOT 

infection 

1,936 5 

372 

0 907 


4,243 


48 

0,735 

Total 

264 

1 712 

024 



1,888 

> 48 


Somwarjict Average 

per 

infection 

528 

570 6 

154 

1 


1,^88 

4S 

302 


To economise space the actual counts are not detailed, but out of 14 P falci- 
pa) util infections, four gave the following counts m excess of 5,000 per cm , viz, 
125,520 18,600, 106,680, 13 320, and out of the eleven P vialoiia: infections, 
one gave more than 5,000 per cm , viz , 70,464 , 

In Mercara there is also evidence of an infection only a little less active 
Six of the 37 P fahipaiinii infections are at, or above ‘attack’ niiinbers, viz, 
10 176 44,800, 25,100, 8,880 and 4,920 and one of the 17 P vtvai infections, viz , 
22,800 In Verajpet, the average parasite value per infection is lower two nut 
of 25 P. falciparum infections uerc above attack value, amz , 16,392 and 7,300 
The infection here seems to have been one m which the spring incidence was 
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One notices that this chart contains practically all the very large spleens 
whose apices descend helow the umhihuis, or reach, oi cioss the middle line of 
the body ^ 

(5) At 9-10 yeais, the apex lies again in square 6|5, it is 6 4 cins from the 
umbilicus and 4 0 cms above its level Its distance from the middle line of the 
body IS 5 cms 

(4) Spleen at '>evcn to ciqht yrarv of age 


HIPPIE 
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Malaria in Ooorg. 


Tablj^ IV— {contd ) 
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(2) The aveiagc '^plccns fall inlo twn groups 

(i) From 1 — -1 jears, the average enlaigecl spleen has its apc\ ahotil 8 S ems 
from the umhilKUs .mcl is ahoul 7 5 ems from the imclflle line 

(6) Chart to t/ioto qiouhiuq of avcroqc spleen at different aqc qioups 

HlPPLF 



(«) From 5—10 years, the ])osition of the anex- nf fl, i 
cm. from the umb.l.cus, and about 5 cuts front Te IJ/ktr " ® ^ 

Bi,ood Counts and Parasite Rates 

S>n‘on (1924) us.ng a standard 

St.,estedb. Ma.or J . 

P'Peeeo, u-bteb are fra^,e aL not cZr„t,7;!;Tb,e'’‘“ 
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Malaua in Cootg 


Gonikoppal with a parasite \alue of 13,423 in the age group 1-2 years 
admirably illustrates ‘ acute infestation ’ Its progress toward some degree of 
immunity is well seen in the parasite counts m the succeeding age groups 


1-2 

years 

13,423 

3-4 


1,810 

5-6 


540 

7-8 


764 

9-10 


91 


The following table display these relationships — 

Tablp V 


Relation hetzveen Splcmc Measurement and Parasite Counts 





1 


1 


Place 1 

Obser 

vations 

Total 

positives 

Percentage 

positives 

Parasite count 

Total 

parasites 

liarasites 
jior umb 
of gronj) 


Negative Rpleen 


Mercara 

79 

20 

1 

i 

1 

20 4 

24, 816, 24, 784, 
144, 672, 24, 24, 
24, 24, 10, 176, 
24, 72, 48, 96, 
604, 48, 816, 

888,24 

16 466 

1 20S 

Vera) pot 

22 

4 

18 2 

480, 120, 2,184, 
72 

2,856 

139 8 

Fraserpet 

40 

1 

1 

3 ' 

1 

7 6 

140, 144, 240 

624 

31 

1 

1 

Gonikoppal 

1 

17 

10 ' 

58 8 

i 

48, '216, 210, 

3,000, 144, 3,900 
608, 72, 13,320 

22 024 

1,295 6 

8oniv ar|)ct 

53 

G 

11 1 

840,60, 48, 24, 
24, 72 

1,058 

20 

Total 

211 

43 

20 


41 928 

1 

105 


S-mall Spleens 11 to 16 cm‘^ 


Morcara 


1 8 

1 

67 

240, 10 176, 216, 
291, 960, 528, 
S,sS0, 1 170 

22 457 

1 

1,G<H 8 

\ erajpcl 

8 

1 

) 

w 

26 

120, 1 080 

1 120 ' 

119 

kra^jertiot 

3 

1 ' 

bG 

24, 24 ' 

4b 

' 10 

Gomkoppal ' 

3 

2 

GO 

120, 24 

144 

48 

arpot 

10 

[ 

1 




Total 

IS 

1 14 

( 

30 8 


23 779 

520 
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P falapanau infections (48 per cent), Frnserpet lias a relatively high percentage 
of P malaucc infections, but a low cndcimc index As we have seen, its season 
of malarial prevalence is in the autumn and not the spring, at the time of our 
obser\'ations nearly a year had elapsed since its last malaria season, and it appears 
that we are dealing here with a icsidual infection in which the quartan parasite, 
notoriously difficult to eradicate, has survived disproportionately 


TADLg II 






P tnyax 

P vivax 

P m'jln 


Places 

P falei 

P vtvax 

P mnla 

and 

and 

T\(c and 

Ore 'I- 

parum 

rtcc 

P faJci- 

P maJa 

P fahx 

cents 





parum 

ricc 

pUTUVl 


] No 

37 

17 

, IG 

5 

1 

1 

17 

Mercara 








1 per cent 

48 

22 

20 7 


9 


22 

j No 

25 

20 

7 1 

3 


1 

7 

Vera] pet s 








1 per uont 

41 1 

1 

32 8 1 

114 


6 


114 

; No 

1 3 

2 , 

8 





Fraserpet J 


1 






/ per cent 

23 D 

16 4 

015 

1 

1 


1 


( No ! 

14 

4 

11 


1 

2 

6 

Gomkoppal J 








1 per cent 

38 

10 8 

30 


81 

1 

135 

\ No 

5 

3 

0 



\ 

1 

Somwarpet < 







1 per cent 

31 2 

18 8 

37 5 


6 


6 

Coorg 1 

84 

46 

48 

16 



30 

1 per cent 

41 1 

22 5 

23 

02 1 

1 



14 6 




Crescents 

Crescent earners are 14 6 per cent of the total infections 
P frS! P’^opo^tion IS highest m Mercara, with an active infection in Avhicl 
•fee to ,!h ““I Gomkoppal wh,ch, as we shal 

.nde. pd an .naedve .nf/efon, 

(1924;:s\?.he;™dntTcL:lrn“^^^^ Schuffnen (1920) and Chnstopher. 
rather than witli immune infestation ^ associated with an acute infectior 
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TABi,r, V — (concld ) 



Very Large Spleens 4 cms and loss 


Mercara 

13 

6 

46 1 1 

168, 96, 96, 

2,736, 72, 204 

3,432 

264 0 

Verajpct 

17 

1 

7 

41 2 

336, 1,960, 96, 
72, 72, 24, 72 

2,632 

1 154 8 

FrcBorpet . 

3 

1 

/ 


96 

96 

32 

Gonikoppal I 

11 

6 

36 3 

1 

24, 120, 300, 

144 

748 

68 

1 

Somwarpot 

6 

3 

1 

120, 360, 144 

624 

87 3 

TotaI/ 

50 

22 

44 


1 7,432 

148 6 


(a) Negative Spleens — Twenty per cent of the children with no splenic 
enlargement showed parasites in their blood, and the average parasite value of 
the group was 195 

The acute infestation m Gonikoppal has a parasite value of 1,293 5, and 
obscures the low value for the other four places 

(b) Enlarged Spleens — Those showing splenic enlargement have been 
grouped into four classes — 

1 Small spleens, 11 — 15 cms distant from the umbilicus (1-2 finger- 
breadths) 

2 Medium spleens 8 — 10 cms distant (3 fingerbreadfhs) 

3 Large spleen 5 — 7 cms from the umbilicus (4-5 fingerbreadths) 

4 Very large reaching umbilicus, or beyond it 

I The Small Spleens, of which 36 8 per cent show parasite infection, have 
an average parasite value of 626 

In Mercara, the parasite value m this group is large 

II The Medium Spleens, 8 — 10 cms from the umbilicus, are the group m 
which, as we have seen, lies the average spleen of the age groups 1-2 years and 
3-4 years 

The percentage of this group which shows parasites in the blood is 37 3 per 

cent 

The acute infection of Gonikoppal yields a high average parasite value of 
6,491 and the average parasite value for the group is 2,135 

III The Large Spleens, 5 — 7 cms from the umbilicus, belong to the group 
in which lies the average spleen of the age groups from five to ten years of age, 
and IS the group in which lies the average spleen of all places examined 
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earlier or Icrmin.iled soonci, ot jmlgiii}? finni its hiplicr spleen ni(!c\ of 82 S 
per cent, it is one in wliuli nninunil) is hcltei developed llian it is in Meitai i 
The high parasite rates eMdence of much active infection, with the com- 
paratively lo\Y spleen rate in Mercaia seem to suggest an active .ind progressive 
infection, and indicates that Iheic is some ground for the suspicion that malaria 
IS on the increase m that town 

Parasitu Indi \ nv \gp Groups (Table IV) 

In the age group 1 to 2 }cars the percentage showing parasites is 27 6 per 
cent The different places show very different results, thus in Gonikoppal 


TARUt IV 



1 




1 

1 

\ 

A\c ra^o 

Place 

Number 

Number 

Pc reeiitnpt 

Parasite 

j Total 

parasites 

1 lufctlcd 

infected 

t (UUU 

p \nvs\tes 

|v r < m 
tKT unit 
nf gniup 








Age Group 1 2 Terfr^ 



Morcara 

12 

*1 

' 25 

912,210, 72 

1, 200 

HHI 

Vorajpet 

17 

o 

I 118 

lOS, 24 

inn 

11 1 

Fraserpet 

Gonikoppal 

1 

14 

1 

0 

1 

^ 04 4 

125 520, 4, 

24S, 48, 504, 

201, '122 

IM31 





144, 912, 70, 



• 1 




464, 4S, 24 



SoniAN arpot 

19 

3 

16 S 

00, 48, 204 

172 

10 1 

lOTAL 

02 

17 

27 0 


201 (3S4 

i 2s5 2 




Age Group 3 4 Tenrs 



Mcrcara 

25 

12 

48 






291, 22, SOO, 
900, 144, 628, 

j 38 505 

1 ] 542 5 










604, 720, 1, 
656, 8, 880, 1, 







170, 888, 24 



Verajpofc 

12 

f 

313 






102, ], 152 
410, 24 

1 784 

) IS 0 

Fraserpet 

12 


10 0 



Gonikoppal 

i 

12 

n 

240, i, 210 

8 47(> 

2s9 0 

/ 

58 3 

120, 24,210, 
18, 000, 210 

21 720 

i.sio 

vSotnw arpot 




o 

o 



! 21 

3 

13 

840, 800, 24 

1 224 

58 2 

Total 

S4 

2S 

33 3 


00 709 

704 7 

■ — 1 

1 

— 
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A pMippinensis — In a clear water tank situated m coffee cultivation 
A kaiwa^i — Found with A maculipalpis in jungle sti earns 
A viaculatus — ^\Vith A hstouT (ono. specimen only) 

A attkeni — In a shady stream and in a rocky drainage clianncl 
A tcssalafiis — ^With A aitkeni, in a rocky drainage channel 
A jamesn — In hill streams and channels in swampy valleys 
The adult bag' was very small, despite frequent search in houses The 
predominant anopheles in Coorg probably shelter in jungle and not in houses, and 
heavy and coiistaitt ram prevented our searching for them in jungle 

A hstom was collected in small numbers m houses m Mercara and Verajpet 
A fithginosus and A karwan were found in a cowshed m Verajpet, 
A iessalatus and A jeyponensf; were found m a stable at Hallery and A vagus 
111 a cowshed m Fraserpet 

Phlcbotcnmno’ — Although adult mosquitoes were few and far between m the 
houses which we searched, it was otherwise with sandflies 

Everywhere m Coorg invariably in suitable cowsheds, sometimes in dwelling 
houses, and once inside what was almost the only mosquito net seen in Coorg 
houses, specimens of P aigentipcs were collected, sometimes in large numbers 
In one instance, m a coffee planter’s bungalow in South Coorg, they were so 
numerous as to constitute a house pest ^ 

This observation turned our thoughts towards the possibility that Kala-azar 
might be found m Coorg 

An examination of the dispensary records showed that one case of Kala-azar 
was recorded in 1910-11, another in 1912-13 and five m 1921-22 

As far as could be ascertained, these cases were believed to have acquired 
their infection elsewhere tlian in Coorg, and nowhere m the pro'vmce could any 
suspicious history be elicited of the occurrence of a disease associated witli splenic 
enlargement and fever with a distinct house or family incidence, and almost 
always fatal in about two years 

There is no reason to believe that the malanal problems of Coorg are com- 
plicated by the unsuspected prevalence of Kala-azar, but in this connection the 
temperature and humidity statistics are worth examination as they are not ■without 
some significance 

The senior author (McCombie Young, 1924) has had occasion to infer from a 
study of the distribution of Kala-azar in India that the conditions of temperature 
and humidity which are required for the transmission of this disease are some- 
thing as follows 

High maximum summer temperatures, and a winter mean monthly minimum 
temperature falling below 50°F , such as are found in the d^ climates of Northern 
India, are unfavourable 

Yfliat seems to be required is a considerable degree of humidity, not less 
than IS indicated by an annual mean relative humidity of 60 per cent, a monthly 
mean relative humidity not at any time less than 40 per cent to 50 per cent, and 
a mean monthly minimum temperature never less than 50°F 

The following table shows that Mercara, which is climatically typical of the 
greater part of Coorg, has an annual mean relative humidity of 80 per cent, a 
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m 


Ploco 1 

Number 

Number 

infccltd 

Porconlf'pc 
mfcclcd 1 

1 

parasite 

: 

Total 

piiraMit* H 

Avf’mao 
parasilrH 
per rni 
]'tr inut 
of group 


Mercara 

42 

.0 , 

1 

Verajpot 

U 

1 

Fraserpet • 

20 

1 

Gonikoppal 

1 

17 

3 

1 

Bomwarpot 

23 

1 ' 

Total 

142 

40 


Age Group 0 10 1 can 


38 

21, 90, 72, 141, 

10 170, 24,44, 

800, no, 90, 

210, 2, 448, 4, 
920, 210, 24, 24, 
210 

03, 000 

1,514 4 

65 9 

1 

480, 108, 480, 
144, 10, 392, 

; 204, 72, 90, 300, 
72, 3 COO, 204, 
24, 48, 48, 210, 
48, 48, 7, 300 

30, 220 

1 888 8 

1 

38 

90 

9G 

4 1 

17 0 

384, 1,104, 72 

1 600 

91 8 

43 

72 

72 

3 1 

28 1 


95 554 

073 


(active infecbon) 64 4 per cent of this age group arc infected and the average 
parasite value per unit of group is 3,285 2, whereas in Fraserpet (iininiinc infec- 
tion), the figures are zero for both 

The high parasite value for Gonikoppal obscures the low average in the age 
group for the other four places, for which, excluding Gonikoppal, it is only 18 4 
In the age group 3-4 Mercara now shows signs of an infection presumably 
less recent than that of Gonikoppal, which still holds the highest place for parasite 
values 

The group shows a percentage infection of 33 3 per cent and has an average 
parasite value of 794 7 

Age 5-6 years — The percentage of infection in this group is 28 per cent and 
the parasite rates in Mercara and Gonikoppal have diminished 

Age 7-8 years — The percentage infection of group is 34 per cent and the 
average parasite value is 990 

Age 9-10 The average parasite value of the group is 673 and the 

percentage infection is 28 per cent 

klercara and Verajpet both show high average parasite rates, jirobably 
because of the preponderance of P falnpantm infections 

The consistently low counts in Fraserpet at all ages confinn the indications 
of Uie previous analyses tliat tins area, when seen, was m the eonclition of nnimme 
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Place 


Taiiu. V — (conid ) 



Ob^or 

Totnl ' 

Pt rc< lit Ago 

Purnmlcj count 

1 

'lotnl 

Am 


>^Hoas 

L 

posit 1 

j)ositiN( s 

piirasi1< M 

|)» r utiil 
(»f group 


Mc^lnnn Rplo ns s td lOrinn 


Aleroara 

30 

10 

41 4 

■3S, 00 is. IS, 
72 J Kilt, 11.01 
210, 00 25 100, 

210, 112. 210, 
21, 21, 210 

1 to 101 

8H 

Vera]pet 

U 

; 

10 

fil 0 

1 

1 272 KIO, IS 
72. 210. 72, IS 
10s, ISO. 10 102 
201, IS 010 , 
120 210 24 ] 

21 n»2 

GMJ G 

Fraserpct 

n 

4 

1 in 8 

r.2S. 72, 240 

3 210 

1 o7ii '< 

1 

JII7 
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The percentage of tins group which contained parasites was 40 8 per cent and 

lh= spleens, 4 ems I.om tl.c umbilicus or less, 

including those reaching the umbilicus or extending below it, 44 per cent of these 
showed parasites, and the aveiagc parasite value was 148 6 

The figures for Gonikoppal illustrate the sequence of paiasite values in acute 

infestation conditions 


M. ^ 


No spleen enlargement 

Small spleen 11—15 ems 

Medium 

Large 

Very large 


1,295 

48 onU ) 

6,491 

1,185 

68 (4 only) 


Conclustoits —An analysis of these figures brings one to the same conclu- 
Sion as that of Christophers (1924), viz, that the highest parasite value is 
associated witli spleens of such a size that the apCK lies 8 to 10 cins from the 
umbilicus, which is, as wc have seen, the position of the apex for the first four 
years of life 

These as the age gtoup analysis has shown, arc the years of acute parasite 


infection 

The application of these methods of splenomctry and qiianlitatne parasite 
counts in Coorg appears to confirm Christophers’ deductions as to the mechanism 
of immunity, as seen elsewhere At the same time it may be advanced that they 
afford useful information as to the state of affairs m different places, which 
would not emerge from the easier and quicker method of fingerbreadth measure- 
ments and qualitative blood examinations 


Entomological 

As has been indicated elsewhere, the time of our visit, which almost 
synchronised with the onset of the monsoon, was unfavourable for such obser%’a- 
tions, as the heavy rams wash away both larvae and adult mosquitoes 
The following species of anopheles were collected as larrae 
They are tabulated in what was approximately their order of prevalence 
A tufom— This species was found m profusion in open surface drams con- 
sX^ wZr preferably slightly contaminated with household 

A macuhpaipis —Yoxmfl in running water, m seepage water, m a swamp 
m ^ common 

rocky^o* » Srams, and .n 

A mmtmtts—ln occasional association with A niacuhMldis ' 

A jeypormists— In undrained natural swampy land ^ 

— In stagnant muddy pools, surface drams and tanks 
A si^hpKtHs-ln overflow water from a tank 



